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PREFACE 

TO 

THE FIRST EDITION. 



There are two classes of persons whose at- 
tention may be attracted by a treatise on such 
a subject as the Steam-Engine. One consists 
of those who, by trade or profession, are in- 
terested in mechanical science, and who there- 
fore seek information on the subject of which 
it treats as a matter of necessity, and wish to 
acquire it in a manner and to an extent which 
may be practically available in their avocations. 
The other and more numerous class, is that 
part of the public in general, who, impelled by 
choice rather than necessity, think the interest 
of the subject itself, and the pleasure derivable 
from the instances of ingenuity which it un- 
folds, motives sufficiently strong to induce them 
to undertake the study of it. It is for the use 
of this latter class principally that the following 
^ 3ctures are designed. 

A 2 
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IV 

To this class of readers the Steam-Engine is 
a subject which, if properly treated ofi must 
present strong and peculiar attractions. Whe- 
ther we consider the history of its invention as 
to time and place, the effects which it has pro- 
duced, or the means by which it has caused 
these effects, we find every thing to gratify 
our national pride, stimulate our curiosity, ex^ 
cite our wonder, and command our admiration. 
The invention and progressive improvement of 
this extraordinary machine, is the work of our 
own time and our own country j it has been 
produced and brought to perfection almost 
within the last century, and is the exclusive 
offipring of British genius fostered and sup- 
ported by British capital. To enumerate the 
effects of this invention, would be to count 
every comfort and luxury of life. It has in- 
creased the sum of human happiness, not only 
by calling new pleasures into existence, but by 
so cheapening former enjoyments as to render 
them attainable by those who before never 
could have hoped to share them. Nor are its 
effects confined to England alone ; they extend 
over the whole civilized world ; and the savage 
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tribes of America, Asia, and Africa, must ere 
long feel the benefits, remote or immediate, of 
this all-powerful agent. 

If the effect which this machine has had on 
commerce and' the wealth of nations raise our 
astonishment, the means by which this effect 
has been produced, will not less excite our 
admiration. The history of the Steam-Engine 
presents a series of contrivances, which for 
exquisite and refined ingenuity, stand without 
a parallel in the annals of human invention. 
These admirable contrivances, unlike other 
results of scientific investigation, have also 
this peculiarity, that to understand and appre- 
ciate their excellence, requires no previous or 
subsidiary knowledge. A simple and clear 
explanation, divested as far as possible of tech- 
nicalities, and assisted by well-selected dia- 
grams, is all that is necessary to render the 
principles of the construction and operation of 
the Steam-Engine intelligible to a person of 
plain understanding and moderate information. 
That the following Lectures ' are adapted to 
attain this end has been in some degree esta- 
A 3 
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Wished by the test of public approbation on 
their delivery, and to more than this they do 
not aspire. 

The purpose for which these Lectures are 
designed, as already explained, has rendered 
necessary the omission of many particulars 
which, however interesting and instructive to 
the practical mechanic or professional engineer, 
would have little attraction for the general 
reader. Such are, for example, the scale and 
proportion of the parts, the nature and strength 
of the materials, the calculation of power, 
friction, inertia, &c. Our readers require to 
be informed of the general principles of the 
construction and operation of Steam-Engines, 
rather than of their practical details. For the 
same reasons we have confined ourselves to the 
more striking and important circumstances in 
the history of the invention and progressive 
improvement of this machine, excluding many 
petty disputes which arose from time to time 
respecting the rights of invention, the interest 
of which is buried in the graves of their re- 
spective claimants. 
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In the descriptive parts of the work we have 
been governed by the same considerations. 
The application of the force of steam to me- 
chanical purposes, has been proposed on various 
occasions, in various countries, and under a 
great variety of forms. The list of British 
patents* alone would furnish an author of 
common industry and application with matter 
to swell his book to many times the bulk of 
this volume. By far the greater number of 
these projects have, however, proved abortive. 
Descriptions of these unsuccessful, though fre- 
quently ingenious machines, we have thought 
it advisable to exclude from our pages, as not 
possessing sufficient interest for the readers to 
whose use this volume is dedicated. We have 
therefore strictly confined our descriptions 
either to those Steam-Engines which have 
come into general use, or to those which form 
an important link in the chain of invention. 

* Containing upwards of 250 patents concerning the appli- 
cation of steam I 

Dec.26. 1827. 
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PREFACE 

TO 

THE SECOND EDITION. 



The rapid sale of the first edition of these Lec- 
tures, has left but little opportunity for im- 
provement in the second. That little, however, 
has not been neglected. Numerous inaccura- 
cies which had escaped detection both in the 
letterpress and the plates have been corrected. 
Other improvements have also been suggested, 
and have been attended to. 
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LECTURES 

ON 

THE STEAM ENGINE. 



LECTURE I. 



Od the Natural Forces which are engaged in different Modifi- 
tf^ations of the Steam-!&igine. 



(1.) Of the various productions designed by na- 
ture to supply the wants of man, there are few which 
are suited to his necessities in the state in which the 
earth spontaneously offers them. If we except air 
and water we shall scarcely find another instance : 
even food itself, in most cases, requires culture and 
preparation. But if, from the mere necessaries of 
physical existence, we rise to the demands of civil and 
social life, to say nothing of luxuries and refinements, 
we find that every thing which contributes to our con- 
venience requires a previous and extensive expendi- 
ture of labour. Nay, in most cases, the objects of our 
enjoyment derive their entire excellence, not from any 

B 
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quality originally inherent in the natural substance 
out of which they have been formed, but from those 
qualities which that substance has received from 
human labour and human skill. Hence have arisen 
Manufactures. 

In all the changes ta whieh the raw productions of 
the earth are submitted in order to suit them to our 
wantSy one of the principal agents is Motion. 

Tbua» Ibr example, in the ccmversion of wool into 
clothing for our bodies it is necessaty that it should 
be twisted into threads and then woven into cloth. 
In these changes motion '\% the agent. To convert the 
raw wool into thread, a continued rotatory motion 
must be produced, which^ being properly communi- 
cated, the wool assumes the required form. In like 
manner, as is well known, particular motions must be 
given to the threads, in order to produce among them 
that peculiar arrangement which characterises the 
texture of the web. 

Ri a rude state of society, the motions required in 
t&e infant manufactiffes are probably communicated 
by the immediate application of the hand. Obser- 
vation^ and reflection, however, soon suggest more 
efi^ual means of attaining these ends. When we 
look around us in the natural world, we perceive va- 
rious motions actually existing there ; we see water 
falling and wind blowing, and the question instantly 
arises, whether, without having recourse tx) anims^ 
strength, we. may not use these motions for our ma- 
nufiSicturing purposes ? Here, however, a diflfculty is 
presented. We require motion of a particular kind ; 
but wind wiB not blow nor water fell as we please. 
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tU0 as 6Uit9 out peeuUar wants, but according to the 

fixed laws of nature. We want an upward motion ; 

water Mis downward. We want a circular motion ; 

wind blows in a straight line. 

The motions, therefore, which are in actual e:dst- 

ence in .nature, must be modified, in order to suit our 

purposes. The means whereby these modifications 
are produced are called machines, A machine^ there* 
fore, is an instrument interposed between some natu- 
ral force or motion and the object to which force or 
motion is desired to be transmitted, and of such con- 
struction, that the natural motion is made to produce 
in that object whatever species of motion it may be 
required to have. 

To give a very obvious example, suppose that a 
circular or rotatory motion were required to be piU)^ 
duced, and that the only natural force at our com- 
mand were a perpendicular fall of water. A wherf is 
accordingly provided, furnished with cavities in its 
rim. The water, in descending, is received into those 
cavities at one side of the wheel, and being discharged 
at the lowest point, the cavities ascend empty on the 
other side. There is thus a load of water always 
pressing down on one side of the wheel, from which 
the other side is free, and thus a constc^ rotation 
is producecL 

In every machine, therefore, the nature and pro- 
perties of the force from which it derives its mo- 
tion should be one of the first subjects of consider* 
ation. This force, whatever it be, is called the first 

' nwoer. 

b2 
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The first mover used in the steam-engme depends 
on certain mechanical properties of atmospheric air 
and of the vapor raised from liquids by heat. A 
short account of these properties will greatly contri- 
bute to the ease with which the action of these ma- 
chines will be understood. We therefore propose, in 
the present lecture, to explain the principal pro- 
perties of air and steam, to which we shall have 
occasion to allude hereafter. 



I. Of the Mechanical Properties of Air, 

(2.) The Atmosphere is the thin transparent 
fluid in which we live and move, and which, by respira- 
tion, supports animal life. This fluid is apparently 
30 light and attenuated, that it might be at first 
doubted whether it be really a body at all. It 
will therefore excite some surprise when we assert not 
only that it is a body, but also that it is one of consi- 
derable weight. We shall be able to prove that it 
presses on every square inch * of surface with a 
weight of about 161b. avoirdupoise, 

(3.) Take a glass tube a b (fig. 2.) more than 32 
inches long, open at one end a, and closed at the 
other end b, and let it be filled with mercury (quick- 

* As we shall have frequent occasion to mention this ma^- 
nitnde, it wonld be well that the reader should be familiar with 
it. It is a square^ each side of which is an inch. Such as 
A B c D. Fig. 1. 
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silver). Let a glass vessel or cistern c, containing a 
quantity of mercury, be also provided. Appljdng the 
finger at a so as to prevent the mercury in the tube 
from falling out, let the tube be inverted, and the 
end, stopped by the finger, plunged into the mercury 
in c. When the end of the tube is below the surface 
of the mercury in c (fig. 3.) let the finger be removed 
It will be found that the mercury in the tube will 
not, as might be expected, fall to the level of the mer- 
cury in the cistern c and which it would do were the 
end B open so as to admit the air into the upper part 
of the tube. On the other hand the level n of the 
mercury in the tube will be about 30 inches above 
the level c of the mercury in the cistern. 

(4.) The cause of this effect is that the weight of 
the atmosphere rests on the surface c of the mercury 
in the cistern and tends thereby to press it up, or 
rather to resist its fall, in the tube, and as the 
fall is not assisted by the weight of the atmosphere 
on the surface d, (since b is closed) it follows that as 
much mercury remains suspended in the tube above 
the level c as the weight of the atmosphere is able to 
support. 

If we suppose the section of the tube to be equal 
to the magnitude of a square inch, the weight of the 
column of mercury in the tube above the level c will 
be exactly equal to the weight of the atmosphere on 
each square inch of the surface c. The height of the 
level D above c being about 30 inches and a column 
of mercury two inches in height and having a base 
of a square mch, weighing about one pound avoir 
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dupoisy it follows that the weight with which the at- 
mosphere presses on each square inch of a level sur* 
face is about 151b8. avoirdupoise. 

An apparatus thus constructed and furnished with a 
scale to indicate the height of the level d above the 
level c is the common barometer. The difference of 
these levels is subject to a small variation which indi* 
cates a corresponding change in the atmospheric 
pressure. But we take 30 inches as a standard or 
average. 

(5.) It is an eetablished property of fluids that 
they press equallyin all directions; and air, like every 
other fluid, participates in this property. Hence it 
follows, that since the downward pressure or weight 
of the atmosphere is about 151bs. on the square inch, 
the lateral, upward, and oblique pressures are the 
same. But independently of the general principle, 
it may be satisfactory to give experimental proof of 
this. 

Let four glass tubes a, b, c, d, (fig. 4.) be constructed 
of sufficient length, closed at one end A, b, c, d, and 
open at the other. Let the open ends of three of them 
be bent as represented in the tubes b, c, d. Being pre- 
viously filled with mercury, let them all be gently in- 
verted so as to have their closed ends up as here re- 
presented. It will be found that the mercury will be 
sustained in all, * and that the difference of the 
levels in all will be the same. Thus the mercury is 
sustained in a by the upward pressure of the atmo- 

* This experiment with the tube A requires to be very carer 
folly executed and the tube should be one of smuU bore. 
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sphere, in l* "by its horizontal or lateral pressure, in c 
Iby its downward pressure, and in n by its oblique 
pressure ; and as the difference of the levels is the 
same in all, these pressures ar6 exactly equal, 

(6.) In the experiment described in (3) the space 
B n (fig. 3.) the top of the tube from which the mercury 
has fallen is perfectly void and empty, containing 
neither air nor any other fluid: it is called therefore 
a vacuum. If, however, a small quantity of air be in- 
troduced into that space it will immediately begin to 
exert a pressure on d which will cause the surface d 
to descend, and it will continue so to descend until 
the column of mercury c d is so far diminished that 
the weight of the atmosphere is sufficient to sustain 
it, as well as the pressure exerted upon it by the air 
in the space b d. 

The quantity of mercury which falls from the tube 
in this case is necessarily an equivalent for the 
pressure of the air introduced, so that the pressure of 
this air may be exactly ascertained by allowing about 
one pound per square inch for every two inches of 
mercury which has fallen from the tube. The pres- 
sure of the air or any other fluid above the mercury 
in the tube, may at once be ascertadned by compar- 
ing the height of the mercury in the tube with the 
height of the barometer ; the difference of the heights 
will always determine the pressure on the surface of 
the mercuiy in the tube. This principle will be 
found of some importance in considering the action 
of the modern steam^-engines. 

The air which we have supposed to be introduced 
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into the upper part of the tube, presses on the sur- 
face of the mercury, with a force much greater than 
its weight. For example, if the space b d (fig. 3,) 
were filled with atmospheric air, in its ordinary state 
it would exert a pressure on the surface d equal to 
the whole pressure of the atmosphere, although its 
weight might not amount to a single grain. The 
property in virtue of which the air exerts this pres- 
sure is its elasticity, and this force is diminished in 
precisely the proportion in which the space it occu- 
pies is increased. 

Thus it is known that atmospheric air in its ordi- 
nary state exerts a pressure on the surface of any 
vessel in which it is confined amounting to about 
151bs. on every square inch. If the capacity of the 
vessel which contains it be doubled, it inmiediately 
expands and fills the double space, but in doing so 
it loses half its elastic force and presses only with a 
force of 7 Jibs, on every square inch. If the capacity 
of the vessel had been enlarged five times, the air 
would still have expanded so as to fill it, but would 
exert only a fifth part of its first pressure or 31bs. on 
every square inch. 

This property of losing its elastic force as its vo- 
lume or bulk is increased, is not peculiar to air. It 
is common to all elastic fluids, and we accordingly 
find it in steam ; and it is absolutely necessary to 
take account of it in estimating the effects of that 
agent. 

(7.) There are numerous instances of the effects of 
these properties of atmospheric air which continually 



Digitized by VjOOQIC 



9 

fall Under our observation. If the nozzle and valve- 
hole of a pair of bellows be stopped, it will require 
a very considerable force to separate the boards. Tliis 
effect is produced by the diminished elastic force of 
the air remaining between the boards upon the 
least increase of tlie space within the bellows, while 
the atmosphere presses with undiminished force on 
the external surfaces of the boards. If the boards be 
separated so as to double the space within, the elas- 
tic force of the included air will be about T^lbs. on 
every square inch, while the pressure on the external 
surfaces will be 151bs. on every square inch ; conse- 
quently it will require as great a force to sustain the 
boards in such a position, as it would to separate them 
if each board were forced against the other with a 
pressure of 7^ lbs. on their external surfaces. 

When boys apply a piece of moistened leather to 
a stone, so as to exclude the air from between them, 
the stone, though it be of considerable weight, may 
be lifted by a string attached to the leather. The 
cause of which is the atmospheric pressure, which 
keeps the leather and the stone in close contact. 



I. Of the Mechanical Properties of Vapor, 

(8.) If we expose our body to the effects of fire, 
we feel a certain sensation which we call heat. The 
matter, or whatever it be which causes this sensation, 
is properly called caloric. But in famihar discourse, 
heat and caloric are used indifferently. 

Caloric is known to pervade all bodies in nature, 
B 6 
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in a greater or lesser degree ; and the quantity of it io 
any substance may be increased or diminished within 
certain limits. The increase of the quantity of calo- 
ric in a body, is in general attended with an increase 
of its bulk, and the diminution of it with a corres<- 
ponding diminution of bulk. Thus metals expand or 
enlarge their dimensions when heated, and contract 
when cooled. A flaccid bladder containing a small 
quantity of air, will when heated become quite dis* 
tended, owing to the expansion of the air contained 
in it, but will again resume its flaccid appearance 
when cooled. And the same is true of all substances. 

(90 So universal is this law of expansion, that it 
has been actually taken as the measure of the degree 
of heat, and is the principle on which thermometers 
are constructed. Some mercury is enclosed in a glass 
ball, to which a tube is attached, so that when heat 
is applied to the ball, the expansion of the metal it 
contains^ forces mercury up in the tube, which being 
appUed to a graduated scale, becomes the measure of 
temperature, by means of the expansion which that 
temperature produces. 

(10.) Expansion or enlargement of dimension is 
not, however, the only effect which attends increasing 
the quantity of caloric in a body. In some cases a 
total change of form is effected by it. If a super- 
abundant quantity of caloric be given to a piece of 
solid metal, it will be converted into a liquid. The 
metal in this case is said to htfused^ and the process 
i9 (^^Si^funon. 
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So long as the requisite temperature is kept up 
ami caloric supplied in a sufficient quantity, so long, 
will the metal retain its liquid state \ but when that 
supply is withdrawn, and the temperature lowered, 
it again resumes its solid form. 

Again, if from any substance, as water, which is 
usually in the liquid state, a considerable portion of 
caloric be withdrawn, and the temperature lowered, it 
will at length become solid, and will remain so until 
the caloric be restored, when it will again resume its 
liquid form. 

From these and numerous other similar circum* 
stances we conclude that all the substances in na^ 
ture which we observe in the solid or the liquid state, 
are retained in their respective forms by the agency 
of caloric. 

(11.) The reciprocal changes, liquefaction and 
solidification, are not the only changes of form, in 
substances which are produced by a change in their 
temperature. If heat be communicated to a liquid, 
as water, the first efiect will be to raise itd tempera-> 
ture and to enlarge, its bulk. But after the tempera- 
ture has been raised to about 212 degrees of the 
common thermometer, no further accession of heat 
will be perceived^ and the thermometer placed in it will 
cease to rise. Nevertheless, heat will be communi- 
cated to the water, and the vessel which contains it. 
What then, it may be asked, becomes of this heat? In 
this case the water will be in a rapid state of evapor- 
ation, or of being converted into steam, and all the 
heat which is communicated to it in addition to irhat 
is indicated by the thermometer^ is consumed in the 



Digitized by VjOOQIC 



12 

formation of this steam. Hence it appears that under 
ordinary circumstances,* water cannot maintain its 
liquidity at a temperature higher than 212®, and that 
Any additional heat beyond what is necessary to 
give it this temperature, will convert a part of it into 
steam. 

It appears, therefore, that the quantity of caloric in 
a liquid, being sufficiently increased, it will at length 
be converted into a vapor, or changed from an inelas- 
tic fluid into an elastic one, and will thus totally 
change its mechanical character by the acquisition 
of the property of elasticity ah-eady described in air 
(6). On the other hand, if from elastic vapor the 
heat be abstracted, it will be again restored to its 
liquid state, it being incapable of existing, under 
ordinary circumstances, in the vaporous form, at a 
lower temperature than 212*i 

From all these circumstances we infer, that bodies 
are retained in the several states of solid, liquid and 
vapor by the agency of heat, and that the same body 
may be passed successively through these several 
states, by a proper change in the caloric which is 
transfused through its dimensions. 

(12,) We have stated that when the increase or 
diminution of temperature does not change the form 
of a body, it changes its dimensions or bulk. This 
effect is not confined to solids and liquids, but is 
found still more perceptibly in vapors and all elastic 
fluids. 

* Under particular circumstances water can maintain its 
liquidity at any temperature, as will appear hereafter. 
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If a small quantity of air be included in d flaccid 
bladder tied at the mouth, so as to be air-tight ; when 
the bladder is held before a fire, it will become dis- 
tended, and have all the appearance of being inflated. 
The cause of which obviously is the dilatation of the 
air contained in it, by the increased temperature 
which it has acquired. 

Again, let a tube a b (fig. 5.) open at" both ends, 
have one end passed through the neck of a vessel 
c D, containing a coloured liquid with common air 
above it, and let the tube be fixed so as to be air 
tight in the neck. Upon heating the vessel the warm 
air above the level c d will begin to expand, and will 
press on the surface of the coloured liquid, so as to 
force it up in the tube a b. 

(13.) The same elastic fluid, whether it be a gas 
or a vapor, has always, at the same temperature and 
density, the same degree of elastic force, but if 
either the temperature or the density, or both, be 
increased, the elastic force is also increased. There* 
fore the elastic force depends conjointly on the tem- 
perature and the density. 

(14.) All the effects of caloric which we have just 
described, may be very satisfactorily accounted for by 
supposing that it is a substance or a cause impart- 
ing to the corpuscles of bodies a repulsive force, by 
which they acquire a tendency to repel each other. 
But in conjunction with this, it is necessary to at- 
tend to another force which is known to exist in 
nature. There is observable amongst the constituent 
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particles of every body, a force in virtue of which 
they have a tendency to cohere and collect them- 
selves together in concrete solid masses. This ten- 
dency is called cohesion, or the attraction of cohesion. 
This cohesive force in the particles of matter is di- 
rectly counteracted by the effects of caloric. It is 
supposed by some that caloric is an highly elastic 
and very subtle fluid, that transfuses itself through 
the dimensions of all bodies, and by its elastic force 
tends to separate and force asunder their particles, 
and to dissolve the union which the cohesive force 
tends to produce. It is however certain, whatever 
be the nature of caloric, that it gives to the particles 
a tendency, the very opposite of cohesion, and that 
the state of a body, whether solid or liquid, must be 
decided by the relation between the two forces, viz. 
the cohesive force natural to its particles, and the 
repulsive force dependent on the caloric which per- 
vades them. If the cohesion of the particles pre- 
dominate considerably over the repulsive force of 
the caloric, the state of the body will be solid: if 
however these forces nearly neutralise each other, it 
will be liquid. 

As to mutual cohesion, the particles of a liquid 
may therefore be considered as nearly in a state of 
indifference. We say nearly, because in most liquids 
a slight tendency to cohesion may be perceived. 
Thus, if two drops of mercury or water be placed on 
a glass plate near each other> they will immediately 
unite and form one drop. But in a general way, and 
merely in a mechanical point of view, we may re^ 
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gard the parts of liquids to be in a state of indiffer- 
ence as to cohesion. 

(15.) By tracing up the analogy which we have 
commenced, on the effects of the cohesive and repul- 
sive forces incident to the particles of bodies, we 
would be led to conclude, that by increasing the lat- 
ter until it greatly predominated over the former, the 
particles of the body would have as strong a ten- 
dency to separate from each other> as they have to 
collect togeUier^ when the opposite relation exists 
between these two forces ; and such in fact we find 
to be the case. If sufficient heat be communicated to 
a/Z^t/e^^itwill be, as we have before stated, converted 
into vapor, the particles of which repel each other, 
so that it tends to burst any vessel in which it may 
be confined. Thus, then, we may account for the 
existence of the gaseous state, or of what is called 
elastic ^ids, the cohesive force natural to the parti- 
cles of the body is not only overcome by the repul- 
sive force introduced by the caloric, but a strong 
repulsive influence is given to the particles, so that 
they endeavour to separate from each other, and to 
expand continually into an increased bulk, if not re- 
sisted by an adequate force. 

Thus, if water be exposed to heat until it boil, it 
will be converted gradually into steam. If this 
steam be enclosed in any vessel, it will tend to burst 
its sides with a certain elastic force, exactly in the 
same manner as air would, if similarly confined. 
But an effect is observed in the conversion of liquids 
into vapor by heat> which is not perceptible in the 
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conversion of solids into liquids. We have said that 
these several states depend on the mutual proportion 
of the cohesive and repulsive forces of the particles. 
There is, however, a third force which always assists 
the cohesion^ to be taken into account, and the ef- 
fects of which are very apparent in vaporization, al- 
though not in liquefaction. This force is the atmo- 
spheric pressure already described. This evidently 
tends to press together the parts of a body, and, 
therefore, assists cohesion. Thus if water be placed 
in a vessel, and have its surface exposed to the at- 
mosphere when the barometer stands at 30 inches, 
it will sustain a pressure on its surface amounting to 
151bs. on every square inch. This force in addition 
to cohesion must be overcome by the repulsive effect 
of the caloric, before vaporization can commence. 
By reasoning thus we would be led directly to two 
conclusions : P. that if the atmospheric pressure 
were removed or diminished, liquids would boil with 
less heat or at a lower temperature : and 2^ that if the 
pressure on the surface were increased, they will not 
boil until a proportionably increased heat be given 
them, or until they attain a much higher temperature. 
These inferences we accordingly find supported by 
experience. Under a pressure of 161bs. on the square 
inch, i. e. when the barometer is at 30 inches, watet 
boils at the temperature of 212** of the common 
thermometer. But if water at a lower temperature, 
suppose 180^ be placed under the receiver of an air-* 
pump, and, by the process of exhaustion, the atmo- 
spheric pressure be removed, or very much diminish- 
ed, the water will boil, although its temperature still 
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remain at 180** as may be indicated by a thermometer 
placed in it. 

(16.) On the other hand, if a thermometer be in- 
serted air-tight in the lid of a close digester contain- 
ing water with common atmospheric air above it, 
when the vessel is heated the air acquires an in- 
creased elasticity, and being confined by the cover, 
presses with increased force on the surface of the 
water. By observing the thermometer while the 
vessel is exposed to the action of heat, it will be 
seen to rise considerably above 212*^, suppose to 280**, 
and would continue so to rise until the strength of 
the vessel could no longer resist the pressure 
within it. 

(17.) The temperature at which water boils is 
commonly said to be 212% which is called the boiling 
point of the thermometer, but strictly speaking this is 
only true when the barometer stands at 30 inches. 
If it be lower, water will boil at a lower temperature, 
because the atmospheric pressure is less, and if it be 
higher, as at 31, water will not boil until it receive an 
higher temperature, the pressure being greater. 

According as the cohesive forces of the particles 
of liquids are more or l^ss active, they boil at greater 
or lesser temperatures. In general the lighter liquids 
such as alcohol and ether boil at lower temperatures. 
These fluids in fact would boil by merely removing 
the atmospheric pressure as may be proved by placing 
them under the receiver of an air pump and with- 
drawing the air. From this we may conclude that 
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these and similar substances would nerer exist in the 
liquid state at all, but for the atmospheric pressure. 

(18.) The elasticity of vapor raised from a boiling 
liquid, is equal to the pressure under which it is pro* 
duced« Thus, steam raised from water at 212^, and, 
therefore, under a pressure of 151bs. on the square 
inch is endued witii an elastic force which would 
exert a pressure on the sides of any vessel which 
confines it, also equal to 151bs. oa the square inch. 
Since an increased pressure infers an increased tem- 
perature in boiling, it follows that where steam of a 
higher pressure than the atmosphere is required, it is 
necessary that the water should be boiled at an 
higher temperature, 

(19.) We have already stated that there is a cer- 
tain point at which the temperature of a liquid will 
cease to rise, and that all the heat communicated to 
it beyond this is consumed in the formation of vapor. 
It has been ascertained that when water boils at 
212*', under a pressure equal to 30 inches of mer- 
cury, a cubic inch of water forms a cubic foot* 
of steam, the elastic force of which is equal to the 

* The terms cubic inch and cubic foot are easily explaiied. 
A common die, used in games of chance, has the figure which 
is called a cube. It is a solid having twelve straight edges 
equal to one another. It has six sides, each of which is 
square, and which are also equal to one another. If its edges 
be each one inch in length, it is called a cubic tncA, if one 
foot, a cubic foot, if one yard, a cubic yard, &c. This figure 
is represented in perspective, in fig. 6. 
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^tnoiospkeric pres8ii!re, and the temperature of which 
is 212«». Since there are 1728 cubic inches in a 
^ibic footf it follows that when water at this tempera- 
ture passes from the liquid to the vaporous state it 
is dilated into 1728 times its bulk. 

(20.) There are several circumstances which would 
lead us to suspect that a considerable absorption of 
heat is necessary for the {process of ^^porization* It 
is observed in general that expansion is an indication 
of the acquisition of heat, and in this case it appears 
that there is an expansion producing an incr^ise of 
bulk in the proportion of 1 728 to one. Again^ it may 
be observed that all the heat given to the liquid after 
it has reached the boiling pmnt is spent in vaporiza- 
tk>n> and yet it takes six times as long to convart a 
given quantity of water into steam at 212** as to raise 
the same quantity firom the freezing (32*) to the boiling 
point. Hence we may infer that, supposing the ap- 
plication of heat to be uniform, it takes six times as 
much heat to ccnval any quantity of water at 212^ 
into steam as to raise the same quantity from 32° to 
212°. Or what amounts to the same thing, it takes 
as much heat to convert any quantity of water at 
212"^ into steam as would raise six times tJiat quantity 
from 32° to 212^. 

Another way of representing this striking fact is, 
that if one cubic inch of water in a state of vapor at 
2l2Pbe mixed ynth six cubic inches of water at32*', 
the whole mass will form 7 cubic inches of water at 
212°. Thus the redundancy of heat necessary to 
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retain the water in the state of vapor, is sufficient to 
raise the six cubic inches from 32** to 212''. 

A cubic foot of steam raised from water at 212** 
will itself have only the same temperature 212*^. We 
are, therefore, to conclude that all the additional heat 
which has been given to it in the process of vaporiz- 
ation is engaged in giving it the elastic form, and 
being insensible to the thermometer is called latent 
heat. From the facts just mentioned, the immense 
expenditure of heat in the production of steam must 
be quite apparent. 

Since the temperature at which water boils de- 
pends on the pressure to which it is submitted, it is 
manifest that there is no other limit to the tempera- 
ture of which it is susceptible except that of the 
mechanical pressure to which we are able to submit 
it. We shall see hereafter that it is capable of being 
raised to 600°, 700** or 800°. In fact that it may be 
rendered red-hot. 

The tempemture of steam may be changed after it 
assumes the vaporous form. Thus, steam raised from 
water at 180° may subsequently be i*aised to 212°. 
But whether in this case it will have the same pres- 
sure as if it had been raised in the first instance from 
water at 212°, some late experiments, to which we 
shall hereafter allude, have rendered doubtful. 

(21.) As a liquid is converted into vapor by im- 
parting to it a superabundant supply of caloric, so 
also a vapor may be restored to the liquid state by 
withdrawing from it a sufficient portion of caloric. 
If a close vessel be filled with steam, and then a jet of 



Digitized by VjOOQIC 



21 

cold water be forced into it, the water will immediately 
draw a quantity of heat from the steam,which will be 
reduced to water, and will fall in that form on the 
bottom of the vessel. The same property is also 
manifested by allowing steam to come in contact 
with any cold surface. Let any body be held before 
the steaming spout of a tea-kettle and it will presently 
become wet. This moisture is the steam recon- 
verted into water by losing part of its heat and rest- 
ing on the body. This reconversion of steam into 
water by the abstraction of heat is called condensa- 
tion. 

By this property, steam is rendered instrumental 
in the formation of a vacuum. By allowing steam to 
circulate through a vessel, the air may be expelled 
from it, and its place filled by steam. If the vessel 
be then closed and cooled, the steam will be reduced 
to water, and, falling in drops on the bottom and 
sides of the vessel, the space which it filled will be- 
come a vacuum. This may be easily established by 
experiment. Let a long glass tube be provided with 
a hollow ball at one end, and having the other 
end open. * Let a small quantity of spirits be poured 
in at the open end, and placing the glass ball over 
the flame of a lamp, let the spirits be boiled. After 
some time the steam will be observed to issue co- 
piously from the open end of the tube which is pre- 
sented upwards. When this takes place, let the 
tube be inverted, and its open end plunged in a 

* A common glass flask with a long neck will answer the 
purpose. 
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bason of cold water. The heat being thus removed, 
the cool air will reccmvert the steam in the tube to 
liquid, and a vacuum wiB thus be produced so that 
the pressure of the atmo^>bere on tiie surface of the 
water in the bason will force the water thro' the tube, 
and it will rush up with considerable force, and fiH 
the glass ball. 

In this experiment it is better to use spirits than 
water, because they boil at a lower heat, and expose 
the glass to less liabiKtj ta break, and also the tube 
may more easily be handled. 
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LECTURE II. 



Inyention of the Steam-Engtne — Claims of the Marquess of 
Worcester — Captoin Sarery. Deseription of the Steam 
En^e censtntcted by him, and its method of operation. 



(22.) Claims to the invention of the steam- 
engine have been advanced by various nations^ and 
by various individuals of the same nation. The par- 
tisans of the competitors for this honour have urged 
their pretensions and pressed their claims with a zeal 
strongly tinctured with prejudice both national and 
personal ; and the contentions have, in some instances, 
been marked with a degree of asperity unworthy of 
the cause in which they engaged, and altogether be- 
neath the dignity of science. 

The steam-engine, as it exists at present, is not the 
exclusive invention of any one individual ; it is a 
combination of inventions which, for the last two 
centuries, have been accumulating. When we at- 
tempt to trace back its history and to determine its 
first inventor, we experience the same difficulty as is 
felt in ascertaining the head of a great river : as we 
ascend its course, it becomes difficult if not impos- 
sible to distinguish it from its tributary streams, and 
it terminates in a number of threads of water, eaeh itt 
itself so insignificant as to seem unworthy ef heiag 
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called the source of the majestic object which has 
excited the inquiry. 

The mere fact that the steam of boiling water is 
capable of producing motion must have been ob- 
served at a very early period. No one could look 
at a close vessel of water boiling, and observe the 
force with which the steam issues from its spout 
without, at once, perceiving the possibility of pro- 
ducing motion in any light substance exposed to its 
action. Yet trifling as this circumstance must ap- 
pear, it has formed the sole foundation for some 
claims which have been advanced to the invention of 
the present steam-engine. * 

(23.) The use of the elastic force of steam, as a 
first mover in a machine designed for raising water, 
was first proposed by Edward Somerset, Mar- 
quess OF Worcester, in a work intided ** a Century 
of Inventions," published in the year 1683. The fol- 
lowing is the description which is given in that work 
of the contrivance : 

" I have invented an admirable and forcible way to 
draw up water by fire ; not by drawing or sucking it 
upwards, for that must be, as the philosopher terms 
it, intra sphzram activitatis^ which is but at such a 
distance. But this way hath no bounder if the 
vessel be strong enough. For I have taken a piece 
of whole cannon whereof the end was burst, and 
filled it three quarters full of water, stopping and 

• The inventioii has been claimed for Branca, an Italian 
philosopher, who proposed taming the vanes of a mill by a 
steaming kettle. 
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screwing up the broken end, as also the touch-hole 
and making a constant fire under it ; within twenty 
four hours, it burst and made a great crack. So that, 
having a way to make my vessels so that they are 
strengthened by the force within them, and the one 
to fiU after the other ; I have seen the water run 
like a constant stream forty feet high. One vessel ol 
water rarefied by fire driveth up forty of cold water, 
and a man that tends the work has but to turn two 
cocks; that one vessel of water being consumed 
another begins to force and refill with cold water and 
so successively ; the fire being tended and kept con- 
stant, which the self same person may likewise 
abundantly perform in the interim between turning 
the said cocks." 

The Marquess states that these experiments were 
made about 1663. We have, however, no evidence, 
except his own statement, that he ever constructed 
the machine or made the experiments above described ; 
and for this reason, some writers on the subject have 
denied him any share in the discovery of the steam- 
engine, while others, falling into the opposite extreme 
give him the entire honor of being its first inventor. 

Whether the Marquess of Worcester ever tried 
these experiments or constructed the machine he 
alludes to is, we conceive, a matter of perfect and 
absolute indiflFerence as to the ^hare to which he may 
be considered to be intitled in the invention of the 
steam-engine. It is quite clear that, in the passage 
we have quoted, he distinctly points out the pressure 
arising from the elastic force of steam as amechanical 
agent. He gives an instance of the possibility ol 
c 
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applying it to elevate Y/ater^. aad mentions the ad'* 
vantage which, in this respect, it possesses over the 
atmospheric pressure, bz^ that, the lattfer has a limii; 
not being capable of supporting more than about 
34 feet of water, while the ^pressure of steam has no 
other Umit than the strength of the tessels which 
contain it. Had he merely stated these thin^, 
without alleging, as he doeis, that he had actu^y 
tried the experiment, he would, we conceive, have an 
undeniable claim to the merit of having first sug- 
gested the elastic force of steam as a mechanical 
agent of a power almost uiilimited, and beyond this, 
even had he made his experiment publicly, his daim 
could not be admitted ; for it is certain that ho ^ngihe 
constructed in the manner to which he alludes, could 
be rendered extensively useful as a machine even for 
raising water, as we shall see hereafter. 

(24.) No further discovery in the mechanical appli- 
cation of steam, appears to have been made until 
about the year 1698, when the method of producing 
a vacuum by the condensation of steam (described in 
21) was discovered by Captain Savery, who, com- 
bining this with the application of the elastic force 
suggested by the Marquess of Worcester, constructed 
an engine for raising water, for which he was grail ted 
a patent. 

Savery states that his discovery of the condensing 
principle arose from the following circumstance. 
Having drunk a flask of Florence at a tavern, h^ 
tdHed for a badon of Water to wai^h his hands, aiid 
flung the empty flask On the fire. A small quantity 
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of wine which r^xiained in the flask began to boil^ 
and steam issued from its mouth. It occurred to 
him, to try what effect would be produced by invert- 
ing the flask and plunging its mouth in the cold 
water. Putting on a thick glove to defend his hand 
from the heat, he did so, and immediately the water 
in the bason rushed up into the flask and filled it. 
(See (21) ). 

This circumstance suggested to Savery the possi- 
bility of giving effect to the atmospheric pressure, by 
creating a vacuum in this manner. If> instead of 
exhausting the barrel of a pump by the usual labo- 
rious method of a piston and sucker, it were exhausted 
by first filling it with steam, and then condensing the 
same steam, the atmospheric pressure would force the 
water in the well up into the pump-barrel, and into 
any vessel connected with it, provided that vessel 
were not more than 34 feet above the level of the 
water in the pump-well. Savery also plainly saw, 
that this water might be forced to a still greater ele- 
vation by using the elastic force of steam upon the 
Marquess of Worcester's principle, and that this very 
steam would serve by its subsequent condensation to 
repeat the vacuum, and draw up more water. On these 
principles Savery constructed his steam-engine. 

(25.) In this, and indeed every steam-engine, there 
are two parts ; 1®. that which is employed in generat- 
ing the steam (the boiler) ; and 2®. that in which the 
steam is applied as a moving power, (the worhng (xp- 
paratus). We shall first describe the former apparatus 
in Savery's engine. 

The sections of two strong boilers D b, are repre- 
c2 
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sented in fig. 1, d the greater and e the less. The 
tubes T and t' communicate with the working ap- 
,paratus which we shall presently describe. A thin 
plate of metal r is applied closely to the top of the 
principal boiler d turning on a centre c, so that by 
moving a lever applied to the axis c on the outside 
of the top, the sliding plate r can be brought front 
the mouth of the one tube to the mouth of the other 
alternately. This sliding valve is called the regulator^ 
since it is by it that the communications between the 
boiler and two steam vessels (hereafter described,) 
are alternately opened and closed, the lever which 
effects this being constantly wrought by the hand of 
the attendant. 

Two gauge pipes are represented at g, g', the use 
of which is to determ'ne the depth of water in the 
boiler. One g has its lower aperture a little above 
the proper depth, and the other g' a little below it 
Cocks are attached to the upper ends g, g', which 
can be opened or closed at pleasure. The steam col- 
lected in the top of the boiler pressing on the surface 
of the water forces it up in the tubes g, g', if their 
lower ends be immersed. Upon opening the cocks 
g, g', if water be forced from both, there is tcio much 
water in the boiler, since the mouth of g is behw 
its level. If steam issue from both there is too little 
water in the boiler, since the mouth of g' is above its 
level. But if steam issue from g and water from g' 
the water in the boiler is at its proper level. This in 
genious contrivance for determining the level of the 
water in the boiler is the invention of Savery, and 
IS used in many instances at the present day. 
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The mouth of g should be at a level of a little less 
than one-third of the whole depth, and the mouth of 
g' at a level a little lower than one third ; for it is 
requisite that about two thirds of the boiler should 
be kept filled. The tube i forms a conununication 
between the principal boiler d and the subsidiary or 
feeding boiler e descending nearly to the bottom of 
it. This communication can be opened and closed at 
pleasure by the cock k. A gauge pipe is inserted 
similar to g, g' but extending nearly to the bottom. 
From this boiler a tube f extends which is continued 
to a cistern c (fig. 8.) and a cock is placed at m which, 
when opened, allows the water from the cistern to 
flow into the feeding boiler e, and which is closed 
when that boiler is filled. The manner in which this 
cistern is supplied will be described hereafter. 

Let us now suppose that the principal boiler is filled 
to the level between the gauge pipes, and that the 
subsidiary boiler is nearly full of water, the cock k 
and the gauge cocks g g' being all closed. The fire 
being lighted beneath d and the water boiled, steam 
is produced and is transmitted through the tubes t t', 
to the working apparatus. When evaporation has 
reduced the water in d below the level of g' it will be 
necessary to replenish the boiler d. This is effected 
thus. A fire being lighted beneath the feeding 
boiler e, steam is produced in it above the surface oi 
the water, which having no escape presses on the 
surface so as to force it up in the pipe i. The cock 
K being then opened, the boiling water is forced into 
the principal boiler d, into which it is allowed to flow 
until water issues from the gauge cock g\ When this 
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takes place, the cock k is closed, and the fire removed 
from E until the great boiler again wants replenish- 
ing. When the feeding boiler e has been exhausted, 
it is replenished from the cistern c (fig. 8.) through the 
pipe F by opening the cock m. 

(26.) We shall now describe the working appa* 
ratus in which the steam is used as a moving power. 

Let V v' (fig. 8.) be two steam-vessels communicat- 
ing by the tubes t t' (marked by the same letters in. 
fig. 7.) with the greater boiler d. 

Let s be a pipe, called the suction pipe, descending 
into the well or reservoir from which the water is to 
be raised, and communicating with each of the steam-^ 
vessels through tubea d d' by valves a a' which open 
upwards. Let f be a pipe continued from the level 
of the engine of whatever higher level it is intended 
to elevate the water. The steam vessels v v' commu- 
nicate with the force pipe f by valves b b' which 
open upward, through the tubes e e'. Over the 
$team vessels and on the force pipe is placed a small 
cistern c already mentioned which is kept filled with 
cold water from the pipe and from the bottom of 
which proceeds a pipe terminated with a cock g. 
This is called the coridensing pipe and can be brought 
alternately over each steam-vessel. From this cis- 
tern another pipe communicates with the feeding 
boiler (fig. 7.), by the cock m.* 

The communication of the pipes tt' with the 

* This pipe in ^g. 9. is represented as proceeding 0K>m the 
fovee-pipe above the dstem & 
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boiler can be opened £^nd closed, alternately, by the 
regulator b, (fig. 7.) abready described. 

Now suppose the steam-vessels and tubes to be all 
filled with common atmospheric air and that the re- 
gulator be placed so that the communication between 
ike tube T and the boiler be opened, the communica- 
tion between the other tube t^ and the boiler being 
dosed. Steam will flow into v through t. At first, 
while the vessel v is cold, the steam will be condens- 
ed and will fall in drops of water on the bottom and 
sides of the vessel. The continued supply of steam 
from the boiler wiU at length impart such a degree of 
heat to the vessel v that it will cease to condense it. 
Mixed with the heated air contained in the vessd v, 
it will have an elastic force greater than the atmo- 
spheric pressure, and will therefore force open Ihe 
valve B through which a mixture of air and steam will 
be driven until all the air in the vessel v will have 
passed Out, and it will contain nothing but the pure 
vapor of water. 

When this has taken place, suppose the regulator 
be moved so as to close the communication between 
the tube T and the boiler, and to 6top the further sup- 
ply of steam to the vessel v ; and at the same time 
let the condensing pipe g be brought over the vessel 
V and the cock opened so as to let a stream of cold 
water. flow upon it. This will cool the vessel, and 
the steam with which it is filled will be condensed 
and fall in a few drops of water, leaving the interior 
of the vessel a vacuum. The valve b will be kept 
dosed by the atmospheric pressure. Sut the elastic 
force of the air betwe^ tfee val^e a and the surface 
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of the water in the well, or reservoir, will open a so 
that a part of this air will rush in (21) and occupy 
the vessel v. The air in the suction pipe s, being thus 
allowed an increased space, will be proportionably di- 
minished in its elastic force (6) and its pressure will 
no longer balance that of the atmosphere acting on 
the external surface l * of the water in the reservoir^ 
This pressure will, therefore, force water up in the tube 
s until its weight, together with the elastic force of 
the air above it> balances the atmospheric pressure on 
L (4). When this has taken place, the water will 
cease to ascend. 

Let us now suppose that, by shifting the regulator, 
the communication is opened between t and the boiler, 
80 that steam flows again into v. The condensing 
cock G being removed, the vessel will be again 
heated as before, the air expelled, and its place filled 
by the steam. The condensing pipe being again 
allowed to play upon the vessel v, and the further 
supply of steam being stopped, a vacuum will be 
produced in v, and the atmospheric pressure on l 
will force the water through the valve a into the ves- 
sel V which it will nearly fill, a small quantity of air 
however remaining above it. 

Thus far the mechanical agency employed in elevat- 
ing the water is the atmospheric pressure ; and the 
power of steam is ao further employed than in the 
production of a vacuum. But, in order to continue 
the elevation of the water through the force pipe f, 
above the level of the steam-vessel, it will be neces- 
sary to use the elastic pressure of the steam. The 

* Not in the diagram* 
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vessel V is now nearly filled by the water which has 
been forced into it by the atmosphere. Let us sup- 
pose that the regulator being shifted again^ the com- 
munication between the tube T and the boiler i^ opened, 
the condensing cock removed, and that steam flows 
into V. At first coming in contact with the cold sur- 
face of the water and that of the vessel, it is condensed ; 
but the vessel is soon heated, and the water formed 
by the condensed steam collects in a sheet or film on 
the surface of the water in v, so as to form a surface 
as hot as boiling water.* The steam then being no 
longer condensed, presses on the surface of the water 
with its elastic force and when that pressure becomes 
greater than the atmospheric pressure, the valve b is 
forced open and the water, issuing through it, passes 
through E into the force pipe f and this is continued 
until the steam has forced all the water from v, and 
occupies its place. 

The further admission of steam through t is once 
more stopped by moving the regulator, and the con- 
densing pipe being again allowed to play on v, so as to 
condense the steam which fills it, produces a vacuum. 
Into this vacuum, as before, the atmospheric pressure 
on L will force the water and fill the vessel v. The 
condensing pipe being then closed and steam admit- 
ted through T, the water in v will be forced by its 
pressure through the valve b and tube e into f, and 
so the process is continued. 

We have not yet noticed the other steam vessel v' 
which, as far as we have described, would have re- 

* Hot water being lighter than cold, floats on the surface. 

c 6 
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mained filled with common atmospheric air, the ju^e* 
jsure of which, on the valve a', would have prevented 
the water raised in the suction pipe s from passing 
through it. However, this is not the case • for, dur- 
ing the entire process which has been described in v, 
Similar effects have been proceeding in v', to which I 
have only omitted to solicit your notice, to avoid the 
confusion which the two processes might produce. 
It will be remaubered, that after the stea^, in the first 
instance, having flowed from the boiler through t> has 
bbwn the air out of v through b, ihe communication 
between t and the boiler is closed. Now the same 
motion of the regulator which closes this^ opens the 
communication between T'and the boiler; for the slid- 
ing plate B. (fig. 7.) is moved from the one tube to the 
other^ and at the same time, as we have already stated 
the condensing pipe is brought to play on v. While, 
therefore, a vacuum is being formed in v by condens- 
ation, the steam, flowing through x', blows out the air 
through fi^, as already described in the other vessel 
v; and, while the air in s is rushiitg up through a 
into V followed by the water raised in s by the at- 
mospheric pressure on l, the vessel v' is being filled 
with steam, and the air is completely expelled from it. 
. The communication between x and the boiler is 
now again opened, and the communication between x' 
and the boiler closed by moving the regulator » (fig. 7.) 
from the tube x to x' ; at the same time the con- 
densing pipe is removed from over v and brought to 
play upcm v'. While the steam cmce more expels 
the air from v through b, a vacuum is formed by 
cond^Qisation m v', into which the water in s rushes 
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|hro]f gh the yalve A^ In t^f mean tim^ v is again 
filled with stepm. l(he communication between t 
and the boiler is now closed, and that between t' and 
the boiler is opened, and tjie condensing pipe re- 
moved from y' and brought to play on y. While the 
steam from the bpUer forces the water in y' through 
3' into the forcepipe f, a vacuum is being produced in 
V into \yhich wuter is raised by the atmospheric 
pressure at l. 

. Thus each of the vessels y v' is ajtemately fihed 
from s and the water thence forced into f. The same 
steam which forces the water frpn^ the vessels into 
F^ having done its duJty, is condeyised, and brings 
up the water from i by giyipg effect to Jhe atmo- 
spheric pressure. 

Puring this propess, (two alternate motions or ad- 
justmients must be constantly made ; the communi- 
cation between t and the^ boiler must be opened, and 
that between t' and th^ boiler clos^, which is done 
by one motion pf-.the x^ulator. The condensing 
pipe ^t the same time must b© brought from y to 
play on v' which" is done by the lever placed upon 
it. Again the -communication between t and )the 
boiler is to be opened, and that between t and the 
boiler closed ; this is done by moving back the regu- 
lator. . The condensing pipe is brought from v' to v 
by moving back the other lever, and so on alter- 
nately. 

(27.) Such are the construction and operation of 
the steam-engine, contrived by Captain Savery in the 
year 1698, and which is the first instance in whicj^ 
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we have satisfactory evidence of the use of steam/ as 
a moving power, on any scale worthy of mention. 
For the clearness and convenience of description, I 
have made some slight and otherwise unimportant 
changes in the position of the parts. * A perspective 
view of this engine is presented in fig. 9. The dif- 
ferent parts already described will easily be recog- 
nized, being marked with the same letters as in fig. 6, 7. 

(28.) Savery's share in the invention of the steam- 
engine is easily assigned. It will be seen in a future 
lecture that the motion, in modem steam-engines, is 
produced by placing a piston in a cyUnder, and pro- 
ducing a vacuum on one side of the piston by the con- 
densation of steam, while the elastic pressure of 
steam is introduced at the other side. Thus, while 
the pressure on the one side of the piston is eflFected 
by the direct mechanical agency of steam, disco- 
vered by Lord Worcester, that pressure is rendered 
efficacious by the vacuum generated on the other 
side by the method of condensing the steam, discover- 
ed by Captain Savery. Thus, the whole honor of the 
discovery of those properties of steam, on which its 
power as a first mover depends, is to be equally shared 

* In the diagrams used for explaining the principles and 
operation of machines, I have found it contribute much to the 
clearness of the description to adopt an arrangement of parts 
somewhat different from that of the real machine. When 
once the nature and principles on which the machine acts are 
well understood. The reader will find no difficulty in trans- 
ferring every part to its proper place, which is represented in 
the perspective drawings. 
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between these two distingaished individuals. This, 
however, is the extent of their claims. All the beau- 
tiful contrivances by which this vast power is ap- 
plied^ regulated and economised^ are the result of the 
ingenuity of their successors^ and the engine sug- 
gested by Worcester and that constructed by Savery 
will be found to have scarcely any thing in common 
with those of the present day, except their first 
macer. 
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LECTURE in. 

pefects of S Avery's EDgine—Newcomeu and Ciiiyley— Tb« 
Atmospheric Engine — ^Condensation by jet discovered — 
Operation of the Engine — Humphrey Potter's Invention 
to make the Engine work itself. 

(29.) In order duly to appreciate the value of im- 
provements^ it is necessary first to perceive the de- 
fects which these improvements are designed to re- 
move. Savery's steam-engine, described in the last 
lecture, considering how little was known of the value 
and properties of steam, and how low the general 
standard of mechanical knowledge was in his day, is 
certainly highly creditable to his genius. Neverthe- 
less it had very considerable defects, and was finally 
found to be inefficient for the most important pur- 
poses to which he proposed applying it. 

At the time of this invention, the mines in Eng- 
land had greatly increased in depth, and the process 
of draining them had become both expensive and 
difficult ; so much so, that it was found in many in- 
stances that their produce did not cover the cost of 
working them. The drainage of these mines was the 
great object Savery proposed to eflPect by his steam- 
engine. 

It has been already stated, that the pressure of the 
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^tmosp^ere amounts to abput ISlhs. (4) on eyery 
square inch. Now, a column of water, whose base is 
one square inch, and whose height is 34 feet, weighs 
about ISlbs. If we suppose that a perfect vacuum 
were produced in the steam-vessels v v' (fig. 8.) by 
condensation, the atmospheric pressure on l would 
fail to force up the water, if the height of the top of 
these vessels exceeded 34 feet. It is plain, therefore, 
from this reas6ning, that the engine cannot be more 
than 34 feet above the water which it is intended to 
devate. But in fact it cannot be even so much ; for 
the vacuum produced in the steam-vessels v v' is never 
perfect. Water, when not submitted to the pressure 
of the atmosphere, will vaporize at a very low tempe- 
rature (17) ; and it was found, that a vapour possess- 
ing a considerable elasticity would, notwitl^Qtanding 
the condens^tioji, remain in the vessels v v^ and the 
pipe s, and would oppose the ascent of the water. In 
consequence of this, it was found that the epgine could 
never be placed with practical advantage at a greater 
height than 26 feet above the level of the jvatj9r to be 
raised. 

(30). When the water is elevated to the engine, and 
the steam-vessels filled, if steam be introduced above 
the water in v, it must first balance the atmosfd^ric 
pressure, before it can force the water through the 
valve B. Here, then, is a mechanical pressure of 
151bs. per square inch expended, without any water 
raised by it. If steam of twice that elastic force be 
^ed, it will elevate a column in f of 34 feet 4n 
height ; ai^d if steam of treble the force be med, it 
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will raise a column of 68 feet high, which, added to 
26 feet raised by the atmosphere, gives a total lift of 
94 feet. 

In effecting this, steam of a pressure equal to three 
times that of the atmosphere, acts on the inner sur- 
face of the vessels v v'. One third of this bursting 
pressure is balanced by the pressure of the atmo- 
sphere on the external surface of the vessels ; but an 
effective pressure of 301bs. per square inch still re* 
mains, tending to burst the vessels. It was found, 
that the apparatus could not be constructed to bear 
more than this with safety ; and, therefore, in practice 
the lift of such an engine was limited to about 90 
perpendicular feet. In order to raise the water from 
bottom of the mine by these engines, therefore, it was 
necessary to place one at eveiy 90 feet of the depth ; 
so that the water raised by one through the first 90 
feet, should be received in a reservoir, from which 
it was to be elevated the next 90 feet by another, 
and so on. 

Besides this, it was found sufficient strength could 
not be given to those engines, if constructed ufoa a 
large scale. They were, therefore, necessarily very 
limited in their dimensions, and were incapable of 
raising the water with sufficient speed. Hence arose 
a necessity for several engines at each level, which 
greatly enhanced the expense. 

(31.) These, however, were not the only defects of 
Savery's engines. The consumption of fuel was 
enormous, the proportion of heat wasted being much 
more than what was used in either forcing up the 
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water, or producing a vacuum. This will be very 
easily understood by attending to the process of work- 
ing the engine described in the last lecture. 

When the steam is first introduced from the boiler 
into the steam-vessels v v', preparatory to the form- 
ation of a vacuum^ it is necessary that it should heat 
these vessels up to the temperature of the steam it- 
self, viz. 212**; for imtil then the steam will be con- 
densed the moment it enters the vessel by the cool 
surface. All this heat, therefore, spent in raising the 
temperature of the steam-vessels is wanted. Again, 
when the water has ascended and filled the vessels 
V v', and steam is introduced to force this water 
through B b' into f, it is immediately condensed by 
the cold surface in v v', and does not begin to act 
until a quantity of hot water, formed by condensed 
steam, is collected on the surface of 'the cold water 
which fills the vessel v v'. Hence another source of 
the waste of heat, arises 

When the "Steam begins to act upon the surface of 
the water in v V, and to force it down, the cold sur- 
face of the vessel is gradually exposed to the steam, 
and must be heated while the steam continues its ac- 
tion ; and when the water has been forced out of the 
vessel, the vessel itself has been heated to the tempe- 
rature of the steam which fills it, all which heat is 
dissipated by the subsequent process of condensation. 
It must thus be evident that the steam used in forcing 
up the water in f, and in producing a vacuum, bears 
a very «mall proportion indeed to what is consumed 
m heating the apparatus after every condensation. 

There is also another circumstance which increases 
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the consumption of fuel. When the water is to be 
forced through b, not only against the atmospheric 
pressure, but against a column of 68 feet of water, 
steam is required of a pressure of 4olbs. on the square 
inch. Consequently the water in the boiler must be 
boiling under this pressure. That this should take 
place, it is necessaiy that the water should be raised 
to a temperature considerably above 212° (17), even 
so high as 267^ ; and thus an increased heat must be 
given to the boiler. Independently of the other de- 
fects, this intense heat weakened and gradually de^ 
stroyed the apparatus. 

Besides the drainage of mines^ Savery proposed to 
apply his steam-engine to a variety of o^er purposes ; 
such as supplying cities with water, forming oma* 
mental water-works in pleasure groimds, turning 
mills^ &c. 

Savery was the first who sugg^ted the method of 
expressing the power of an engine witl\ referei^^e to 
that of horses. In this comparison, however, h^ sup- 
posed each horse to work but 8 hours a d,^y, whil^ 
the engine works for 24 hours* This method of ex- 
pressing the ppwer of steam-engines will be explain^ 
hereafter. 

(32.) Th^ fsplure of the engines proposed by Ca|)r 
tain Savery in the great work of drainage, from tke 
causes which have been just mentioned ; and the iijC- 
. creasing necessity for effecting this, sgrising from the 
circum^lt^nce of the large properti^^ which becanae 
every year unpro^vctive by it, stimulated the inge- 
nuity of mecl^mics to contrive some xneani^ of ren- 
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dering those powers of steam exhibited in Savery'a 
engine practically available. Among others, New- 
coMEN and Cawley, two tradesmen of the town of 
Dartmouth, turned their attention to this enquiry. 

Newcomen appears to have resumed the old me* 
thod of raising the water fiom the mines by ordinary 
pumps, but conceived the idea of working these 
pumps by some moving power less expensive than 
that of horses. The means whereby he proposed ef* 
fecting this, was by connecting the end of the pump- 
rod D (fig. 10.), by a chain, with the arch head A of a 
working beam a b, playing on an axis c. The other 
arch head b of this beam was connected by a chain 
with the rod e of a solid piston p, which moved air- 
tight in a cyUnder f. If a vacuum be created beneath 
the piston p, the atmospheric pressure acting upon 
it will press it down with a force of 151bs. per square 
inch ; and the end a of the beam being thus raised, 
the pump-rod d will be drawn up. If a pressure 
equivalent to the atmosphere be then introduced be- 
low the piston, so as to neutraUze the downward 
pressure, the piston will be in a state of indifference as 
to rising or falling ; and if in this case the rod d be 
made heavier than the piston, and its rod so as ta 
overcome the friction, 8cc. it will descend, and elevate 
the piston again to the top of the cyUnder. The va- 
cuum being again produced, another descent of the 
piston, and consequent elevation of the pump-rod, wiU 
take place ; and so the process may be continued. 

Such was Newcomen's first conception of the at" 
tnospheric engine; and the contrivance had much, even 
at the first view, to recommend it. The power oi ^uch 
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a machine would depend entirely on the magnitude 
of the piston ; and being independent of an highly 
elastic steam, would not expose the materials to the 
destructive heat which was necessary for working 
Savory's engine. Supposing a perfect vacuum to be 
produced under the piston in the cylinder, an eflPective 
downward pressure would be obtained, amounting to 
15 times as many pounds as there are square inches 
in the section of the piston.* Thus, if the base of 
the piston were 100 square inches, a pressure equal 
to ISOOlbs. would be obtained. 

(33.) In order to accomplish this design, two things 
were necessary : P. To make a speedy and effectual 
vacuum below the piston in the descent ; and QP. to 
contrive a counterpoise for the atmosphere in the 
ascent. 

The condensing principle of Savery immediately 
presented itself as the most effectual means of ac- 
complishing the former ; and the elastic force of the 

* As the calculation of the power of an engine depends on 
the number of square inches in the section of the piston, it 
may be useful to give a rule for computing the number of 
square inches in a circle. The following rule will always 
give the dimensions with sufficient accuracy: Multiply the 
number of inches in the diameter hy itself; divide the product 
hy 14, and multiply the quotient thus obtained hy 11, and th€ 
result will be the number of square inches in the circle. Thus 
if there be 12 inches in the diameter, this multiplied by itself 
gives 144, which divided by 14 gives 10^, which multiplied 
by 11 gives 116, neglecting fractions There are, therefore, 
115 square inches in a circle whose diameter is 12 inches. 
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steam introduced to be condensed, an obvious method 
of effecting the latter. Nothing now remained to 
carry the design into execution, but the contrivance 
of mechanism for the alternate introduction and con- 
densation of the steam ; and Newcomen and Cawley 
were accordingly granted a patent in 1707, in which 
Savery was united, in consequence of his principle of 
condensation being vitally necessary to the projected 
machine. We shall now describe the atmospheric en- 
gine, as first constructed by Newcomen : 

The boiler k is placed over a furnace i, the flue of 
which winds round it, so as to communicate heat to 
every part of the bottom of it. In the top, which is 
hemispherical, two gauge-pipes g g' are placed, as in 
Savery^s engine, and a puppet valve v, which opens 
outward, and is loaded at one pound per square inch ; 
so that when the steam produced in the boiler ex- 
ceeds the pressure of the atmosphere by more than 
one pound on the square inch, the valve v is lifted, and 
the steam escapes through it, and continues to escape 
until its pressure is sufficiently diminished, when the 
valve V again falls into its seat. 

The great steam-tube is represented at s, which 
conducts steam from the boiler to the cylinder, and a 
feeding pipe t furnished with a cock, which is opened 
and closed at pleasure, proceeds from a cistern l to 
the boiler. By this pipe the boiler may be reple • 
nished from tfee cistern, when the gauge cock g' indi- 
cates that the level has fallen below it. The cistern 
L is supplied with hot water by means which we 
shall presently explain. 
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(34.) To understand the mechanism necessary 
to work the piston, let us consider how the supply 
and condensation of steam must be regulated. When 
the piston has been forced to the bottom of the cylin- 
der by the atmospheric pressure acting against a va- 
cuum^ in order to balance that pressure, and enable 
it to be drawn up by the weight of the pump-rod, it 
is necessary to introduce steam from the boiler. For 
this purpose, therefore, the steam-pipe s enters the 
bottom of the cylinder. The pressure of the steam 
being thus introduced, the piston ascends ; and when 
it has reached the top of the cylinder, the space below 
it is completely filled with steam. It then becomes 
necessary to condense this steam, in order to produce 
a vacuum. To accomplish this the further supply of 
steam must be cut off, which is done by a sliding 
plate R,* similar to the regulator in Savory's engine, 
and which is moved over the aperture in the bottom of 
the cylinder by means of a lever as already described. 
The supply of steam from the boiler being thus sus- 
pended, the affusion of cold water on the external sur- 
face of the cylinder becomes necessary to condense 
the steam within it. This was done by enclosing the 
cylinder within another, leaving a space between 
them.t Into this space cold water is allowed to flow 
from a cock m placed over it, which is supplied by a 
pipe from the cistern n. This cistern is supplied with 
water by a pump o, which is worked by the engine 
itself, from the beam above it. 

* This is represented as a cock, in the diagram. 

t The external cylinder is not represented in the diagram. 
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The cold "ivater supplied from m, having filled the 
ftiterstice Befween the two -cj^ders, abstracts the 
heat from the Inner cilie ; and Condensing the steam^ 
produces a vkcuuih, into which tKe piston is imme- 
diately forced by the isitmospheric pressiire. Prepara- 
tory to the next descent, the waterwhich thus fills the 
5pace between the cylinders, and which is warmed 
by the heat it has abstracted from the steam, must 
be discharged, in order to give room for a fresh sup- 
ply of cold water from M. An aperture, furnished 
with a cock, is accordingly provided in the bottom of 
the cylinder, through which the water is discharged 
into the cistern l ; and being warm, is better adapted 
for the supply of the boiler through t, as already 
mentioned. 

The regulator r being now again opened, steam is 
admitted below the piston, which, as before, ascends, 
and the descent is again accomplished by condetis- 
ation ; and so the process may be continued. 

Upon cooling the inner cyhnder, the condensed 
steam, being reduced to water, will collect in the bot- 
tom, and resist the descent of the piston. It is, there- 
fore, necessary to provide an exit for it, which is done 
by a valve opening outwards into a tube which leads 
to the feeding cistern l, into which the condensed 
st^am is driven. 

That the piston should continue to be air-tight, 
it was necessary to keep a constant supply of water 
over it; this was done by a co6k similar to m, which 
allowed water to flow from the pipe m on the 
piston. 
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(35.) Soon after the first construction of these 
engines^ an accidental circumstance suggested to 
Newcomen, a much better method of condensation 
than the affusion of cold water on the external sur- 
face of the cylinder. An engine was observed to 
work several strokes with unusual rapidity, and with- 
out the regular supply of the condensing water. 
Upon examining the piston, a hole was found in it 
through which the water, which was poured on to 
keep it air-tight, flowed, and instantly condensed the 
steam under it. 

On this suggestion Newcomen abandoned the ex- 
ternal cylinder, and introduced a pipe h furnished 
with a cock q into the bottom of the cyhnder, so that, 
on turning the cock the pressure of the water, in the 
pipe H from the level of the water in the cistern n, 
would force the water to rise as a jet into the cylinder, 
and would instantly condense the steam. This me- 
thod of condensing by a jet formed a very important 
improvement in the engine, and is the method still 
used. 

(36.) Having taken a general view of the parts of 
the atmospheric engine, let us now consider more par- 
ticularly its operation. 

When the engine is not working the weight of the 
pump-rod d draws down the beam a, and draws the 
piston to the top of the cylinder where it rests. Let 
us suppose all the cocks and valves closed, and the 
boiler filled to the proper depth. The fire being 
lighted beneath it, the water is boiled until the 
steam acquires sufficient force to lift the valve v. 
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When this takes place the engine may be started. 
For this purpose the regulating valve b is opened. 
Tlie steam rushes in and is first condensed by 
the cold cylinder. After a short time the cylin- 
der acquires the temperature of the steam, which 
then ceases to be condensed, and mixes with the air 
which filled the cylinder. The steam and heated 
air, having a greater force than the atmospheric 
pressure, will open a valve placed at the end x of 
a small tube in the bottom of the cylinder, and 
which opens outwards. From this (which is called 
the blotuing valve*) the steam and air rush in a 
constant stream until all the air has been expelled, 
and the cylinder is filled with Ihe pure vapor of water. 
This process is called blowir^ the engine preparatory 
to starting it. 

When it is about to be started, the engine-man 
closes the regulator b, and thereby suspends the 
supply of steam firom the boiler. At the same time 
be opens'^ the condensing valve q ;t and thereby throws 
up. a jet of cold water into the cylinder. This imme- 
diately condenses the steam contained in the cylinder 
and produces the vacuum. (The atmosphere cannot 
enter the blowing valve because it opens outwards, so 
that no air can enter to vitiate the vacuum.) The 
atmospheric pressure above the piston now takes 
effect, and forces it down in the cylinder. The de- 
scent being completed, the engine-man closes the 

* Also called the mifting valve from the peculiar noise 
made by the air, and steam escaping from it. 
t A)80 called the injection valve. 
D 
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condensing valye q, and opens the regulator R. By 
this means he stops the play of the jet within the 
cylinder^ and admits the steam from the boiler. The 
&r8t effect of the steam is to expel the condensing 
water and condensed steam which axe collected in the 
bottom of the cylinder thro' a tube y containing a 
yalye which opens otUwards (called the eduction valve,) 
an4 which leads. to the hot cistern h, into which this 
water is therefore discharged. 

When the steam admitted through r ceases to be 
condensed, it balances the atmospheric pressure 
above the piston, and thus permits it to be drawn to 
the top of the cylinder by the weight of the rod d. 
This ascent of the piston is also assisted by the cirr 
cumstance of the steam b eing somewhat stronger than 
the atmosphere. 

. When the piston has reached the top, the regu- 
lating valve R is closed, and the condensing valve q 
opened, and another descent produced as before, and 
so the process is continued. 

The manipulation necessary in working this engine 
was, therefore, the alternate opening and closing of 
two valves, the regulating and condensing valves* 
When the piston reached die top of the cylinder, the 
former was to be closed, and the latter opened, and, 
on reaching the bottom, the former was to be opened, 
and the latter closed. 

(37.) From the imperfect attention which even an 
assiduous attendant could give to the management of 
these valves, the performance of the engines was 
very irregular, and the waste of fuel very great, until 
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a boy named Humphrey Potter contrived means of 
making the engine .work its own valves. This con- 
trivance^ although made with no other design than 
the indulgence of an idle disposition^ nevertheless 
constituted a most important step in the progressive 
improvement of the steam-engine, for by its means, 
not only the irregularity arising from the n^ligence 
of attendants was avoided, but the operation of the 
engine was doubled ; sa that one half of the fuel was 
saved. 

Potter attached strings to the ley^s which worked 
the valves, and carrying these strings to the working 
beam, fastened them upon it in such a manner that 
as the beam ascended and descended, it pulled the 
strings so as to open and close the proper valves 
with the most perfect regularity and, certainty. 
This contrivanpe was afterwards much ^ improved 
by an engineer named Beighton, who attached to the 
working beam a straight beam called 2L,plug frame, 
carrying pins which, in the ascent and descent of the 
beam, struck the levers attached to the v^ves, and 
opened and closed them exactly at the proper mo- 
ment. 

The engine thus improved required np other at- 
tendance except to feed the boiler occasionally by the 
cock T, and to attend the furnace. 
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LECTURE IV. 

Advantages of the Atmospheric Engine over that of Captain 
Savery. It contained no new Principle — Papin's Engine — 
Unfounded Claims of the French for the Invention of the 
Steam-Engine — James Watt — Particulars of his Life. His 
first Conceptions of the Means of economising Heat. Prin- 
ciple of his projected Improvements. 

(38.) Considered practically^ the engine de- 
scribed in the last lecture possessed considerable ad- 
vantages over that of Savery ; and even at the pre- 
sent day this machine is not unfrequently used in 
districts where fuel is very abundant and cheap, the 
first cost being considerably less than that of a 
modem engine. The low pressure of the steam ne- 
cessary to work it^ rendered theuse of the atmospheric 
togine perfectly safe; there being only a bursting 
pressure of about 1 lb. per inch, while in Savery's 
there was a bursting pressure amounting to SOlbs. 
rhe temperature of the steam not exceeding 216*, 
did not weaken or destroy the materials; while Sa- 
very's engines required steam raised from water at 
267®, which in a short time rendered the engine un- 
able to sustain the pressure. 

The power of Savery's engines was also very limit- 
ed, both as to the quantity of water raised, and the 
height to which it was elevated. (29) On the other 



Digitized by VjOOQIC 



63 

handy the atmospheric engine had no other limit than 
the dimensions of the piston. In estimating the 
power of these engines, however, we; cannot allow 
the full atmospheric pressure as an effective force. 
The condensing water being mixed with the con- 
densed steam, forms a quantity of hot water in the 
bottom of the cylinder, which, not being submitted 
to the. atmospheric pressure (17), produces a vapour 
which resists the descent of the piston. In practice 
we find that an allowance of at least 31bs. per square 
inch should be made for the resistance of this vapour, 
and lib. per square inch for friction, &c. ; so that the 
effective force will be found by subtracting these 41bs. 
per square inch from the atmospheric pressure; 
which, if estimated, at 151bs. leaves an effective work- 
ing power of about lllb^., per square inch. This, 
however^ is rather above what is commonly ob- 
tained. 

Another advantage which this engine has over 
those of Savery, is the facility with which it might 
be applied to drive machinery by means of the work- 
ing beam. 

(39.) On lie score of invention, Newcomen does 
not appear to have much claim. The agency of the 
atmospheric pressure was long known ; the formation 
of a vacuum by the condensation of steam was Sa- 
very 's discovery; the elastic force of steam used 
to balance the atmosphere in the ascent, was the 
discovery of lord Worcester ; the construction of the 
boiler, gauge-pipes, regulator, &c. were similar to 
those in Savery's engines. The idea of working a 
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piston in a Mcylinnler by the atmospheric pressure, by 
forming a vaicuum below it, was suggested by Otto 
Guericke, an ingeniouB Gklrman philosopher, and the 
inventor of &e air'^pnmpr Hie use of a working-beam 
<x>uld not have been unknown. Nevertheless, very 
considerable dredit must iie acknowledged to be due 
to Newcomen- for the' judicious combination of all 
these scattered' printiples) so as to form the atmos- 
pheric engine. ^ 

(40.) The patent of Newcbmen was granted in 
1705; and in 1707, Pafin, a native of France, and 
professor of matiiematics' at Marpurg, pubUshed a 
work entitled,^*" A New Method of raising Water by 
Fire," in which a isteam^iigin^ is described, which 
.would scarcely merit notice here, were it not that it 
forms the gmund oh which the French' claim the in- 
vention of the steam-engine. The publication of Pa- 
pin^s work was nine years after Savery^s patent, with 
which he acknowledges himself acquainted, and two 
years after NeWcomen's. The following is a descrip- 
tion of Papin's steam-engine : 

An oval boiler, a (fig. 1 1.)^ is filled to about two- 
thirds of its- entire capacity with watery, through a 
valve B in the top, which opens upwards, ancj is kept 
down by a lever carrying a sHding weight. The 
pressure on the- valve is regulated by moving ihe 
weight to oi^ from b, like the common steelyard. 
This boiler communicates with a cylmder c, by a sy- 
phon tube fttrniBhed ' with a dtdpcock at n. Tke 
cylinder c has a valve f in the top, closed by a lever 
and weight simalar ton, and a tube with a stopcock- a 
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opening into the atmosphere. In this cylinder 'isi 
placed a hoUowoopperpistonH, which -moves freely 
in it, and floats upon the water. Another tube for^s 
a communication between the bottom of this cylinder 
and the bott(Hn of a close- cylindrical Tessel i, called 
the air-vesseL In this tube is a valve at k, opening 
upwards, also a pipe terminated in a funnel, and fuiv 
nished with a valve h, which opens downwards. From 
the lower part of the air-vessel It tube proceeds, fuif- 
nished also with a stopcock m, and which is con- 
tinued to whatever height the* water is to be* rais^. 

Water bei^^ured into the fmmel,|>ass^ through 
the valve l, which opens downwards, and filling th6 
tube, ascends into tiie ^yUnider e, <^arrying the floatii^ 
piston H on its suiface, and maintains the same level 
inc which it has in the ftinDel. In this^ manner the 
cylinder c may be filled to the level of the top of the 
funnel. In this^process, the cock g should be left 
open to allow thd^air in^the cylinder t<) escape as the 
water rises i*-- . t ii ■ ^ ■' ^ •> 

Let us now supp<te^ that, a fire being plac^ be^ 
neath the boiler, steam is beiig produced. On open- 
ing the cock *D, andiclosing g, the steam, flowing 
through the syphon tube into the top of the cylind^, 
presses down 4he floating piston, and fi)rc!e8 the water 
through the lower tube. The passage at l being 
stopped, since l opens downwards, the water forces 
open the valve k, and passes into the air-vessel i. 
When the piston h has been forced to the bottom of 
the cyUnder, the co<^ x> is closed, and o is opened, 
aild the steam allowed to escape into the atmosphere. 
The cylinder is then replenished from the funnel as 
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before ; and the cock g being closed, and d opened^ 
the process is repeated, and more water forced inta 
the air-vessel i. 

By continuing this process, water is forced into the 
air-vessel; and the air which originally filled that 
vessel is compressed into the space above the water ; 
and its elastic force increases exactly in the same 
proportion as its bulk is diminished. (6) Now, sup- 
pose that half of the vessel i has been filled by the 
water which is forced in, the air above the water be* 
ing reduced to half its bulk^ has acquired twice the 
elastic force, and therefore presses on the surface of 
the water with twice the pressure of the atmosphere. 
Again, if two thirds of the air-vessel be filled with 
water^ the air is compressed into one third of its bulk> 
and presses on the surface of the water with three 
times the pressure of the atmosphere, and so on. 

Now if the cock m be opened, the pressure of the 
condensed air will force the water up in the tube n^ 
and it will continue to rise until the column balances 
the pressure of the condensed air. If, when the water 
is suspended in the tube, and the cock m open, the 
vessel I is half filled, the height of the coliunn in n 
will be 34 feet ; because 34 feet of water has a presr 
sure equal to the atmosphere ; and this added to the 
atmospheric pressure on it, gives a total pressure 
equal to twice that of the atmosphere, which bakxjices 
the pressure of the air in i reduced to half its bulk. 
If two thirds of i be filled with water, a column of 
68 feet will be supported in n ; for such a column^ 
united with the atmospheric pressure on it, gives a 
total pressure equal to three times that of the atmo<» 
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sphere^ which balances the air in i^ compressed into 
one third of its original bulk. 

(41.) By omitting the principle of condensation, 
this machine loses 26 feet in the perpendicular Hft.(29) 
But, indeed, in every point of view, it is inferior to 
the engines of Savery and Newcomen : and the date 
of its first publication putsan end to all question re- 
specting the right of Papin to any share in the inven- 
tion of the steam-engine. Even had the pubUcation 
of Papin's contrivance preceded that of Savery, he 
would still have been entitled to no share in the in- 
vention — ^the principle which he uses being only the 
elastic force of steam, which had long before been 
suggested by Lord Worcester. 

(42.) From the construction of the atmospheric 
jcngine by Newcomen, in 1705, for about half a cen- 
■tury, no very important step had been made in the 

improvement of the steam-engine. During this time 
.the celebrated Smeaton had given much of his at- 

tion to the details of the atmospheric engine, and 
ibrought that machine to as high a state of perfection 

as its principle seemed to admit, and as it has ever 
. since reached. 

In the year 1763, James Watt, a name illustrious 
,in, the history of mechanica^l science, commenced his 
• experiments on steam. This man was bom at 

Greenock, in the year 1736 ; and at the age of 16 was 
. apprenticed to a mathematical instrument maker, with 

whom .he spent four years. At the age of 20 he 

placed himself under a regular mathematical instru- 
D 6 
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ment maker m London. After a short time^ finding 
his health declining^ he returned to Scotland, and 
commenced business on his own account at Glasgow. 
In 1757 he was appointed mathematical instrument 
^laker to the university of Glasgow, where he resided 
d.nd carried on his business. 

This circumstance produced an acquaintance be- 
tween him and the celebrated Dr. Robison, then a 
student in Glasgow, who directed Watt's attention to 
the steam-engan^. In his first experiments he used 
steam of a high pressure ; but found it attended with 
so much danger of bursting the boiler, and difficulty of 
keeping the joints tight, and other objections, that he 
relinquished the enquiry at that time. 

(43.) In the winter of 1763, Watt was employed to 
repair the mod6l of an atmospheric engine, belonging 
to the natural philosophy class in the university, a 
circumstance which again turned his attention to the 
subject of the steam-engine. He found the con- 
sumption of steam iH working this model so great, 
that he concluded that the quantity wasted must 
have had a very large proportion to that used in 
working the piston. His first conclusion was, that 
the material of the cylinder (brass) was too good a 
conductor of heat, and that much was thereby lost. 
He made some experiments, accordingly^^ with woodeii 
cylinders soaked in Unseed oil, which, however^ he 
soon laid aside. Further consideration convinced, 
him that a prodigious waste of steam was essential to 
the very principle of the atmospheric engine. This 
will be easily understood. 
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When the steSlii has filFfed fSe'ciyirnder so as to balance 
the atmospheric 'j^fesbfire 6n the pifeton, the cylihdet 
must have the same temperature as the steam^ itsellT. 
Now, on introducing th^ condensing jet, the steaih 
mixed with this water forms a mass of hot water in 
the bottom of 'the cylifider. This water, not being 
under the atmiispheric pressure^ boils at very low 
temperatures, and produces a vapour which resists 
thfe descent of the! piston. 

The heat of the cylmder itself assists this process; 
so that in order to *prodiice a tolerably perfect va- 
cuum under the piston, it Was found necessary to 
introduce a quantity of condensing water, sufficient 
to reduce th^ temperature of the water in the 
cylinder lower t^ari* 100^ and consequently to cool 
the cylinder itself to that temperature. Under 
these circumstances, the descent of the piston 
was found to suffer very little resistance from any 
vapour within the cylinder; but then on the subse- 
quent ascent, an immense wapte of. steam ensued. 
For the steam on being admitted under the piston, was 
immediately condensed by the cold cylinder and water 
of condensation, and this continued until the cylin- 
der became again heated up to 212% to which 
point the whole cylindei should be heated before 
the ascent could be completed. Here, then, was 
an obvious and an extensive source of the waste 
of heat. At every descent of the piston, the cylinder 
•should be cooled to below 100**; and at every ascent 
it should be again heated to 212®. It, therefore, ber 
came a question whether the force gained by the in- 
creased perfection of the vacuum, was adequate to 
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the waste of fuel in producing the vacuum ; and . it 
was found, on the whole, more profitable not to cool 
the cylinder to so low a temperature, and conse- 
quently to work with a very imperfect vacuum, and a 
diminished power. 

Watt, therefore, found the engine involved in 
this dilemma: either much or little condensation- 
water was to be used. If much were used, the va- 
cuum would be perfect ; but then the cylinder would 
be cooled, and would entail an extensive waste of 
fuel in heating it. If little were used, a vapomr 
would remain, which would resist the descent of the 
piston, and rob the atmosphere of a part of its power. 
The great problem then pressed itself on his attention, 
to condense the steam without cooling the cylinder. 

From the small quantity of water in the form of 
steam which filled the cylinder, and the large quan- 
tity of injected water to which this communicated 
heat. Watt was led to enquire what proportion the 
bulk of water in the liquid state bore to its bulk in 
the vaporous state; and also what proportion sub- 
sisted between the heat which it contained in these 
two states. He found by experiment that a cubic 
inch of water formed a cubic foot of steam ; and that 
the cubic foot of steam contained as much heat as 
would raise a cubic inch of water to about 800**. (19) 
This gave him some surprise, as the thermometer 
indicated the same temperature, 212^ for both the 
steam and the water from which it was raised. What 
then became of all the additional heat which was 
contained in the steam, and not indicated by the 
thermoineter? Watt concluded that this heat must 
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be in some way engaged in maintaining the water in 
its new fonn. 

Struck with the singularity of this circumstance, 
he communicated it to Dr. Black, who then explained 
to Watt his doctrine of latmt heat, which he had been 
teaching for a short time before that, but of which 
Watt had not previously heard ; and thus, says Watt, 
*' I stumbled upon one of the material facts on which 
that theory is founded." 

(44.) Watt now gave his whole mind to the con- 
sideration of a method of " condensing the steam 
without cooling the cylinder." The idea occurred tc 
him of providing a vessel separate from the cylinder, 
in which a constant vacuum might be kept up. If a 
communication could be opened between the cylinder 
and this vessel, the steam, by its expansive property, 
would rush from the cylinder to this vessel, where, 
being exposed to cold, it would be immediately con- 
densed, the cylinder meanwhile being sustained at the 
temperature of 212^. 

This happy conception formed the first step of that 
brilliant career, which has immortalized the name of 
Watt, and which has spread his fame to the very 
skirts of civilization. He states, that the moment 
the notion of " separate condensation" struck him, 
all the other details of his improved engine fol- 
lowed in rapid and immediate succession, so that in 
the coui*se of a day his invention was so complete, 
that he proceeded to submit it to experiment. 

His first notion was, as we have stated, to provide 
a separate vessel, called a condenser, having a pipe or 
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tube commumc^iuig with the cylinder. ^ This eoft- 
denser he proposed to keep cold by being iimnersed 
in a cistern of c<dd water, and by providing a jet of 
cold water to play within it. When the communica- 
tion with the cylinder is op^ied, the steam, rushing 
in^ the condenser, is immediately condensed by th^ 
jet and the cold surface. But here a difficulty pre- 
sented itself, viz. how to dispose of the condensing 
water, and condensed steam, which would collect in 
the bottom of the condenser ? Besides this, a certain 
quantity of air. would inevitaWy ^ter combing with 
the condensing water, which> eu>cumalating> would 
collect in the cylinder and resist the descent of the 
piston. To remedy this he -proposed.-^o -form a comr 
mumcation between the bottom of the condenser ahd a 
pump which he calkd the air pump, so that the ^ water 
and airy or other fluids^, which might be collected in the 
condenser, would thus be drawn off; and it was easy to 
see how this pump coidd be worked by the machii^ 
itself. This constituted the second great step in the 
invention. 

It had been found necessary, that; the piston might 
move air-tight in the cylinder, to keep a quantity of 
water supplied above it. In the present case, any 
of this water which might escape through the piston, 
or between it and the cylinder, would boil, the cylin- 
der being proposed to be kept at 212*; and would 
thus, by the steam it would produce,ritiatethe vacuum. 
To avoid this inconvenience. Watt proposed to lubri- 
cate the piston, and keep it air-tight, by employing 
melted wax and tallow. 

Another inconvenience was still to be removed. On 
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the descent of the piston^ the air which entered the 
cylinder would lower its temperature ; so that, upon 
the next ascent, some of the steam which entered it 
would be condensed^ and henee would airise a source 
of waste. To remove ' this difficulty, Watt j)ro^6sed: 
to close the top of the cyHndet alt<^dier, by an air ' 
tight and steam-tight cover, ^allowing the' piston-rod 
to play through a hole furnished with a stuffings-box, 
and to press down the piston by steam instead of the 
atmosphere* "'' 

This was the third step in this great invention, 
and one which totally changed the character of the 
machine^ It now became really a tsteam-engine in 
every sense; for the pressure above the piston' WstiS 
the elastic force of steamy and the Tcieuum bdow it 
was produced by the condensation of steam ; 'so that 
stesun was used' both directly and indirectly as a 
moving power ; whereas, in the atmospheric engine, the 
indirect force of steam only was used> being adopted 
merely as an easy 'method of produciiig' a vacuum. 

The last difficulty respecting the economy of heat 
which remained to be removed, was the circumstance 
of the cylinder being, liable to be cooled on the exter- 
nal surface by the atmosphere- To obviate this, he 
first proposed casing tiiie cylinder in wood; as being a 
substance which conducted heat slowly. He idubse- 
quently, however, adopted a <]ifferent methdd, and 
enclosed one cylinder within another, leaving a space 
between them, which he kept constantly supplied 
with steam. Thus the inner cylinder was kept con- 
tinually at the temperature of the steam which 
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which surrounded it. The outer cylinder is called 
Uiejacket.* 

<46.) Watt computed that in the atmospheric en- 
gine three times as much heat was wasted in heating 
the cylinder^ &c. as was spent in useful effect. And, 
as by the improvements proposed by him nearly all 
waste was removed, he contemplated, and afterwards 
actually effected, a saving of three-fourths of the 
fuel. 

The honour due to Watt for his discoveries is en- 
hanced by the difficulties under which he laboured 
from Contracted circumstsmces at the time he made 
them. He relates, that when he was endeavouring 
to determine the heat consumed in the production of 
steam, his means did not permit him to use an effi- 
cient and proper apparatus, which would have been 
attended with expense ; and it was by experiments 
made with apothecaries' phials, that he discovered the 
property already mentioned, and which was one of 
the facts on which the doctrine of latent heat was 
founded. 

A large share of the merit of Watt's discoveries 
has, by some writers, been attributed to Dr. Black, 
to whose instructions on the subject of latent heat, 
See. it is said that Watt owed the knowledge of those 
facts which led to his improvements. Such, however, 
was not the case ; and the mistake arose chiefly from 



* It is a remarkable circumstance, that Watt used the 
same means for keeping the cylinder hot, as Newcomen used 
in his earlier engines to cool it. (34) 
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some passages respecting Watt in the works of Dn 
Robinson, in one of which he states him to have 
been a pupil and intimate friend of Dr. Black ; and 
that he attended two courses of his lectures at college 
in Glasgow. Such, however, was not the case ; for, 
" Unfortunately for me,'' says Watt in a letter to Dr. 
Brewster, " the necessary avocations of my business 
prevented me from attending his or any other lectures 
at college. In further noticing Dr. Black's opinion, 
that his fortunate observation of what happens in the 
formation and condensation of elastic vapour ^has 
contributed in no inconsiderable degree to the public 
good^ by suggesting to my friend Mr. Watt of Bir- 
mingham, then of Glasgow, his improvements on the 
steam-engine,' it is very painful for me to contro- 
vert any opinion or assertion of my revered friend ; 
yet» in the present case I find it necessary to say» 
that he appears to me to have fallen into an error. 
These improvements proceeded upon the established 
fact^ that steam was condensed by the contact of cold 
bodies, and the later known one, that water boiled at 
heats below 100®, and consequently that a vacuum 
could not be obtained imless the cylinder and its 
contents were cooled every stroke below that heat." 
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LECTURE V. 



Watt's single-actiiig Steam-Engine — ExpaaaiTe prineiple 
applied — Failures pf Roebuck^ and partnership with Bolton 
— Patent extended to 1800— Counter— JDifficulties in 
getting the Engines into use. 



(46.) The first maxjhine in which Watt realfeed the 
conceptions which we mention^ in the last I^cture^ 
is that which wai^ afterwards called his Singk^cting 
Steam-Engim; We shall now describe the wqrking 
apparatus in this machine. 

The cylinder is represented at c — ^(fig. 12) in frhich 
the piston p moves steam-tight. It is closed at the 
top, and the piston rod being very accurately ti^med^ 
runs in a steam-tight collar b furnished with a stufF- 
ing-box, and constantly supplied with melted tallow 
or wax. Through a funnel in the top of the cylinder, 
melted grease flows upon the piston so as to maintain 
it steam-tight. Two boxes a a, containing the valves 
for admitting and withdrawing the steam, connected 
by a tube of communication t, are attached to the 
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cylinder; the action of these, vdb^e* will b^ pieaaitly 
described. Below tl)e cylinder,. placed. tin. a cistern 
of cold water, is ^ close. cyhndricaL nessel d,; called 
the condenser^ .communicaling with the cylinder by 
a tube t', leading to the lower valve box a. In 
the side of this condenser is inserted a tube, the 
inner end of which is pierced with holes like 
the rose of a watering-pot, and a cock b in the cold 
cistern is placed on the outside, through which, 
when open, the water passing, rises in a jet on the 
inside. 

The tube s. which conducts steam from the boiler, 
enters the top of the upper valve box at f. Immedi- 
ately under it is placed a valve g which is opened and 
closed by a lever or rod g'. This valve, when open, 
admits steam to the top of the piston, and also to the 
lube T, which communicates between the two valve 
boxes, and when closed, suspends the admission of 
jsteam. There are two valves in the lower box, one 
H in the top worked by the lever h', and one i in the 
bottom worked by the lever \\ The valve h when 
open, admits ^team to pass from the cyUnder dbow 
4:he piston, by the tube t, to the cylinder belmo the 
piston, the valve i beingv supposed in this case to be 
.closed. TMs valve i when open (the valve H being 
closed) admits steam to pass from below the cylinder 
through t' to the condenser. .This steam entering 
the condenser, meets the jet, admitted to play by the 
valve £, and is condensed. ' . 

The valve g is called the upper stearnHDolve ; h, the 
lower steam-valve; i, the exhausting valve; and £, the 
condensing valve. Let us now consider how these 
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valves must be worked in order to produce the alter* 
nate ascent and descent of the piston. 

It is in the first place necessary^ that all the air 
which fills the cylinder, tubes, and condenser, should 
be expelled. To accomplish this, it is only necessary 
to open at once the valves o, h, and i. The steam 
then rushing from f through the valve g will pasa 
into the upper part of the cylinder, and through the 
tube T and the valve h into the lower part, and alsa 
dirough the valve i into the condenser. After the 
steam ceases to be condensed by the cold of the 
apparatus, it will rush out mixed with air through 
the valve m which opens outwards; and this will 
continue until all the air has been expelled, and the 
apparatus filled with pure steam. Then suppose all 
the valves again closed. The cylinder both above 
and below tiie piston is filled with steam ; and the 
steam whi6h filled the condenser being cooled by the 
cold surface, a vacuum has been produced in that 
vessel. 

The apparatus being in this state, let the upper 
steam valve g, the exhausting valve i, and the con- 
densing valve E be opened. Steam will thus be ad- 
mitted through G to press on the top of the piston; 
and this steam will be prevented from circulating to 
the lower part of the cylinder by the lower steams- 
valve H being closed. Also the steam which filled 
the cylinder below the piston rushes through the 
open exhausting valve i to the condenser where it 
meets the jet allowed to play by the open condensing 
valve E« It is thus instantly condensed^ and a 
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vacuum is left in the cylinder below the piston. Into 
this vacuum the piston is pressed without resistance 
by the steam which is admitted through g. When 
the piston has thus been forced to the bottom of the 
cylinder, let the three valves g, i, and e, which were 
before opened, be closed, and let the lower steam- 
valve H be opened. The effects of this change are 
easily perceived. By closing the upper steam-valve 
G, the further admission of steam to the apparatus is 
stopped. By closing the exhausting valve i, all 
transmission of steam from the cylinder to the con- 
denser is stopped. Thus the steam which is in the 
cylinder, valve-boxes, and tubes is shut up iii them, 
and no more admitted, nor any allowed to escape. 
By closing the condensing valve e, the play of the 
jet in the condenser is suspended. 

Previously to opening the valve h, the steam con- 
tained in the apparatus was confined to the part of 
the cylinder above the piston and the tube x and 
valve box a. But on opening this valve, the steam 
is allowed to circulate above and below the piston; 
and in fact through eveiy part included between the 
upper steam valve g, and the exhausting valve u 
The same steam circulating on both sides, the piston 
is thus equally pressed upwards and downwards. 

In this case there is no force tending to retain the 
piston at the bottom of the cylinder except its own 
weight. Its ascent is produced in the same manner 
as. the ascent of the piston in the atmospheric engine. 
The piston-rod is connected by chains g, to the arch- 
head of the beam, and the weight of the pump-rod r 
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or any other counterpoise acting on the chains sus- 
pended from the other arch-head draws the piston to 
the top of the cylinder* 

iWhen the piston has arrived at the top of the 
cylinder, suppose the three valves g, i, and e to be 
again opened> and h closed. Steam passes from the 
steam-pipe f through the upper steam valve g to the 
top of the piston and at the same time the steam 
which filled the cyUnder below the piston is drawn 
off through the open exhausting valve i into the con- 
denser where it is condensed by the jet allowed to 
play by the open condensing valve e. The pressure 
of the steam above the piston then forces it without 
resistance into the vacuum below it, and so the pro- 
cess is continued. 

It should be remembered, that of the four valves 
necessary to work the piston, three are to be opened 
the moment the piston reaches the top of the cylin- 
der, and the fourtJi is to be closed ; and on the pistoa 
arriving at the bottom of the cylinder, these three are 
to be closed and the fourth opened. The three valves 
which are thus opened and closed together, are the 
upper steam-valve, the exhausting^valve, and the 
condensing-valve. The lowear steam-valve is to be 
opened at the same instant that these are closed, and 
vice versd. The manner of working these valves we 
shall describe hereafter. ^ - - 

(47.) The process which has just been described, if 
continued for any considerable numbei^tyf -reciprocal 
tions of the piston, Would be attended with two very 
obvious effects which would obstruct and finally de- 
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stroy the action of the machine. First the condens* 
ing water and condensed steam wojuld collect in the 
condenser d, and fill it, and secondly^ the water in the 
cistern in which the condenser is placed^ would gra- 
dually become heated^ until at last it would not be 
cold enough to condense the steam when introduced 
in the jet. Besides this it will be recollected that 
water boils in a vacuum at a very low temperature 
(17); and, therefore, the hot water collected in the 
bottom of the condenser would produce steam which, 
rising into the cylinder through the exhausting-valve, 
would resist the descent of the piston, and counter- 
act the effects of the steam above it. A further dis- 
advantage arises from the air or other permanently 
elastic fluid which enters in the jet in combination 
with the water, and which is disengaged by its own 
elasticity in the vacuum produced in the condenser. 

To remove these difficulties, a pump is placed near 
the condenser communicating with it by a valve m, 
which opens from the condenser into the pump. In 
this pump is placed a piston which moves air-tight, 
and in which there is a valve n which opens upwards. 
Now suppose the piston at the bottom of the pump. 
As it rises, since the valve in it opens upwards, no air 
can pass down through it, and consequently it leaves 
a vacuum bebw it. The water and any air which 
may be collected in the condenser open the valve m, 
and pass into the lower part of the pump, from which 
they cannot return in consequence of the valve m 
opening outwards. On the descent of the pump- 
piston, the fluids which occupy the lower part of the 
pump, force open the piston-valve n, and passing 
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through it get ab(n)e the piston from which their re- 
turn is prevented by the vdve n. In the next ascent, 
the piston lifts these fluids to the top of the pump, 
whence they are discharged through a conduit into a 
small cistern b by a valve k which opens outwards. 
The water which is thus collected in b is heated by 
the condensed steam^ and is reserved in b which is 
called the hot-well for feeding the boiler, which is 
effected by means which we shall presently explain. 
The pump which draws off the hot water and air from 
the condenser is called the air-pump. 

(48.) We have not yet explained the manner in 
which the valves and the air-pump piston are worked. 
The rod q of the latter is connected with the working 
beam, and the pump is therefore wrought by the en- 
gine itself. It is not very material to which arm of 
the be£^m it is attached. If it be on the same side of 
the centre of the beam with the cylinder, it rises and 
falls with the steam-piston ; but if it be on the oppo- 
site side, the pump-piston rises when the steam- 
piston falls, and vm versa. In the single-engine 
there are some advantages in the latter arrangement. 
As the steam-piston descends, the steam rushes into 
the condenser, and the jet is playing, and this, Uiere- 
fore, is the most favorable time for drawing out the 
"water and condensed steam from the condenser by 
the ascent of the pump-piston, since by this means 
the descent of the steam-piston is assisted, an efiect 
which would not be produced if the steam-piston and 
pump-piston descended together. 

With respefct to the method of opening and dosing 



Digitized by VjOOQIC 



73 

the valves, it is evident that the three valves which 
arc simultaneously opened and closed^ may be so con- 
nected as to be worked by the same lever. This lever 
may be struck by a pin fixed upon the rod q of the 
air-pump, so tkat when the pistons have arrived at the 
top of the cylinders, the pin strikes the lever and opens 
the three valves. A catch or detent is provided for 
keeping them open during the descent of the piston, 
from which they are disengaged in a similar manner 
on the arrival of the piston at. the bottom of the cy- 
linder, and they close by their own weight. 

In exactly the same way the lower steam-valve is 
opened on Uie arrival of the piston at the bottom of 
the cylinder, and closed on its arrival at the top by 
the action of a pin placed on the piston-rod of the 
air-pump. 

<49,) Soon after the invention of these engines. 
Watt found that in some instances inconvenience 
arose from the too rapid motion of the steam-piston 
at the end of its stroke, owing to its being moved with 
an accelerated motion. This was owing to the uniform 
acticm of the steam-pressure upon it For upon first 
putting it in motion at the top of the cylinder, the 
motion was comparatively slow, but from the con- 
tinuance of the same pressure the velocity with which 
the piston descended was continually increasing, mitil 
it reached the bottom of the cylinder where it ac- 
quired its greatest velocity. To prevent this, and to 
render the descent as nearly as possible uniform,, it 
was proposed to cut ofi* the steam before the descent 
was completed, so that the remainder might be effect- 
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6(1 merely by the ezpwiaifmof Uift Mt^mu which waa^ 
admitted to the cyUnder^ To e^oc^opUsh this, he. 
contrived; by meaaa of a pio; on the sod of the air->> 
pump, to close the upper steam^vfdve .when the Bteam-* 
piston had. completed oiiertbird. of its eoitire descent^, 
and to keep it. closed du?i»g: the remainder of the 
descent, and until the piston ag!^n^ reached the top of 
the cylinder. By this arrang^iment the steam pressed 
the piston with its full force- through oz^e^-third of the 
descent) and thus put it ioto motion; during the other 
two-thirds the steam thu» admitted dieted merely by 
its expcmsive forcoi which became less in exactly the 
same proportion as. the space given to it by the de^ 
scent of the piston increased. Thus during the last 
two-thirds of the descent the piston is urged by a 
gradually decreasing force which in practice was 
found just sufficient to sustain in the piston an uni-' 
form velocity. 

Another advantage gained by this contrivance in-' 
dependently of the uniformity of the motion was^ that 
two-thirds of the fuel were saved ; for instead of con- 
suming a cylinder full of steam, each descent of the 
piston, only one-third of a cylinder full was ne- 
cessary. 

(50.) We have already mentioned the difficulty 
arising from the water in the cistem^ in which the 
condenser and air-rpump are placed^ becoming heated^ 
and the condensation therefore becoming imperfect* 
To prevent this, a waste-pipe is placed in tbisdst^m^ 
from which the water is continually discharged^ and a 
pump L (<^aUed die eoU toalenjpiMiy) is wgrkM by the 
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eng^itiNtfrwhkb raises a supply of cold water and 
smd^ii^timmgl^ &-pip^ u^ ^ constant stream into the 
cold cistern. The waste-pipe^ through which the 
water flows from the cistern^ is placed near the top of 
ity since the heated water being lighter than the cold, 
remains on the top. Thus the heated water is con- 
tinually flowing off, and a constant stream of cold 
water supplied* The piston-rod of the cold water 
pomp is attached to the beam (by which it is worked) 
usually on the opposite side from the cylinder. 

Another pump o (called the hot water pump)y enters 
the hotwfll B, and raising the water from it^ forces it 
through a tube to the boiler for the purpose of feed- 
ing Jt. The manner in which tl^is is effected will be 
more particularly described hereafter. A part of 
tbe heat which would otherwise be lost« is thus 
restored to the boiler to assist in the production of 
fresh steam. We may consider a portion of the heat 
to be in this manner circulating continually through 
the machine. It proceeds from the -boiler in steam ; 
works the piston, passes into the condenser^ and is re- 
converted into hot water ; thence it is passed to the 
hot-well, from whence it is pumped back into the 
boiler, and is again converted into steam, and so pro- 
ceeds in constant circulation. 

(51.) From what has been described, it appears 
that there are four pistons attached to the great beam 
and wprked by the. piston of the steam-cylinder. On 
the same side of the centre with the cylinder is the 
piston-rod of the air-pump, and on the opposite side 
are the piston-rods of the hot water pump and the 
cold water pump^ and lastly, at the extremity of the 
e2 
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beam opposite to that at which the steam-piston works, 
ik the piston of the pump to be wrought by the engine* 

(62.) The position of these piston-rods widi respect 
to the centre of the beam depends on the play neces- 
sary to be given to the piston. If the play of the 
piston be short, its rod will be attached to die beam 
near the centre, and if longer, more remote from the 
centre. The cylinder of the air-pump is commonly 
half the length of the steam-cylinder, and its piston- 
rod is attached to the beam at the point exactly in 
the middle between the end of the beam and the 
centre. The hot water pump not being required to 
raise a considerable quantity of water, its piston re- 
quires but little play, and is, therefore, placed near 
the centre of the beam, the piston-rod of the cold 
water pump being farther from the centre. 

(53.) It appears to hare been about the year 1763, 
that Watt made these improvements in the steam- 
engine and constructed a model which fully realized 
his expectations. Either from want of influence or 
the fear of prejudice and opposition, he did not make 
known his discovery or attempt to secure it by a 
patent at that time. Having adopted the profession 
of a land surveyor, his business brought him into 
communication with Dr. Roebuck, a gentleman at that 
titne extensively engaged in mining speculations, and 
who possessed some command of capital, and was of 
a very enterprising disposition. By Roebuck's assist- 
ance and countenance. Watt erected an engine on 
the new construction at a coal mine on the estate of 
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stoness. This engine being a kind. of experimental 
one, was improved from time to time as circum- 
stances suggested, until it reached considerable per^ 
fection. While it was being erected, Watt in con- 
junction with Roebuck applied for and .obtained a , 
patent to secure the propertyin the invention. . This 
patent was enrolled in 1769, six years after Watt in>- 
vented the improved engine. j 

Watt was now preparing to manufacturo the new 
engines on an extensive scale, when his partner Roe- 
buck suffered a considerable loss by the failure of a 
minmg.speculation in which he had engaged, and 
became involved in; embarrassments, so as to be 
unable to make the pecuniary advances necessary to 
carry Watt's designs into execution. > Again disap- 
pointed, and harassed by the difficulties which he 
had to encounter, Watt was about to relinquish the 
further prosecution of his plans, when Mr. Matthew 
Bolton, a gentleman who had established afax^tory at 
Birmingham a short time before, made proposals to 
purchase Dr. Roebuck's share in the patent, in which 
he succeeded ; and in 1773, Watreijitered into part- 
nership with BoHon. 

His situatkm was now com|4«tely changed. Bol- 
ton was not only a man of exteni|ive capital, but also 
of considerable personal influence, .and had a dis- 
position which led him, from ta£|f;e, to undertakings 
which were great and difficult, ^d which he prose- 
cuted with the most unremitting ardency and spirit. 
" Mr. Watt/' says Playfair, " was studious and re- 
served, keeping aloof from the world ; while Mr. BoK 
ton WAS a man of address, delighting in society,. 
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.«otiye and mixing with people of all ranks with great 
freedom^ and without ceremony. Had Mr. W4tt 
searched all Europe, he 'probably would not have 
found another penon so fitted to bring his inrention 
befcnre the public, in a manner worthy of its merit 
and importance; and altibough of most ^oppeistte 
habits, it fortunately so happened, that no two men 
ever more, cordially agreed in their intercourse \tith 
each other.'* 

The delay in the progress of the maimftteture of 
-engines occasioned by the Ihilsre of Br. %oebti^ was 
.such, that Watt found that the dniiation of his patttit 
would probably expire before he wfoutd even be mmr 
bursed the necessary expences attendii^ the'vanous 
arrangements for the manu&cture of the Engines. 
•He therefore, with the advice and influence of Bolton, 
Roebuck and other friends^ in I775,84[>{£ed to parlia- 
ment for an extension of the term of hk patent, ii^bich 
was granted for 25 years from th& date oi his appli- 
cation, so that his exclusive privily should expire 
in 1800.' 

An en^e was now eredted^t Boho (the name of 
Bolton^s factory) as a specimen for th^ examination 
of mining speculators, and the engines were begin- 
ning to come into demimd* Hie maainer in which 
Watt chose to receive remuneration trom tiiose who 
used his engines was as remarkable for its ingenuity, 
as for its fairness tmd liberality. He ^required that 
one-third of the saving of coak -effected by his en- 
gines compared with theatmo8]^eric engines hitherto 
used| should be paid to him^ leaving^the benefit &! the 
other two^irds to the public. Acooiste experi- 
ments w^E« made to ascertain the savii^ of c^ilc: 
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4tnd as tiie ttmovnt o€ tins igamg in each engine 
.depended an the length of time it waa woAed, 
or ratkor^en 1^ nimiber of descents of the piston. 
Watt invented a yeiy ingenious. method of deter- 
mming tiiis. The vibrations of the great wovk- 
ing beam were made to communiaite witib a train of 
wheelwork in the same way as those of a pendulum 
commnnioate with the work of a clock. Each vibra- 
tion of the beam moved one tooth of a small wheel, 
and the motion was communicated to a hand or 
index, which moved on a kind of graduated plate 
like the dial plate of a clock. The position of this 
hfind marked the number of vibrations of the beam. 
This apparatus which was called the counter, was 
looked up and secured by two different keys, one of 
which was kept by the proprietor^ and the other by 
Bolton and Watt, whose agents went round periodi- 
cally to examine the engines, when the counters were 
opened by both parties and examined, and the num- 
ber of vibrations of the beam detennined> and the 
value of the patent tliird found.''^ 

Notwithstandiog the manifest superiority of these 
engines over the old atmospheric engines, yet such 
virere the inflnence of prejudice and the dislike of what 
isnew, that Watt found great difficulties in getting 
them into general use. The comparative first cost 

• The ^etteiiS afthAmitiPtg in fbel may be judged fiemn tfafis : 
that for three engines erected at Chacewater mine in Corn- 
wall, it was agreed by the proprietors, that they would com- 
pound for the patent third, at £2400 per annum ; so that the 
whole saving must have exceeded £7200 per annum. 
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also probably operated against ihem^ for it was ne- 
cessary that all the parts should be executed with 
great accuracy, which entailed proportionally in- 
creased expense. In many instances they felt 
themselves obliged to induce the proprietors of the 
old atmospheric engines to replace them by tlie 
new ones, by allowing them in exchange an exor- 
bitant price for the old engines, and in some cases 
they were induced to erect engines at their own exr 
pense, upon an agreement that they should only be 
paid if the engines were found to fulfil the expecta- 
tions, and brought the advantages which they pro- 
mised. It appeared since, that Bolton and Watt 
had actually expended a sum of nearly £60,000 on 
these engines before they began to receive any return. 
When we contemplate the immense advantages 
which the commercial interests of the country have 
gained by the improvements in the steam-engine, we 
cannot but look back with disgust at the influence of 
that fatal prejudice which opposes the progress dP 
improvement under the pretence of resisting innova- 
tion. ' It would be a problem of curious calculation 
to determine what would have been lost to the re- 
sources of this country, if chance had not united the 
genius of such a man as Watt with the spirit, enter- 
prize, and capital, of such a man as Bolton ! The 
result would reflect little credit on those who think 
novelty alone a sufficient reason for opposition* 
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LECTURE VI. 

Defects of the single engine as applied to move machinery-^ 
Attempts to remove these — by two single engines — by the 
double-acting engine — Its principle — parallel motion — 
Crank — Son and planet wheel —Fly-wheel — Governor. 

(54.) In the atrnpspheric engine; and the improved 
steam^ngine of Watt^ the power was of an intermitting 
kind. It acted only during the descent of the piston^ 
but during the ascent its agency was suspended. Be- 
i»des this^ the weights or counter-poises which lifted the 
piston in the ascent> acted a^nst the power in the de- 
scent ; and therefore no power, was really saved by the 
suspension of the agency of steam-pressure during the 
accent ; since a proportionably increased pressure was 
produced in the descent. . Besides^ being of an in- 
termitting Qfiture^ the power acted only in one direc- 
tion. If the steam-engine were only applied to 
pumpingy these would not be defects, since an inter- 
mitting force, acting always in one direction is that 
which is required. But if a nu>re extended applica- 
tion of the powers of this machine be' contemplated, 
these defects become serious obstacles. To drive any 
species of machinery, a constant and uniform action 
is requisite,, and, therefiare, the suspension of the 
E 5 
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power during the ascent of the piston^ would be bk^ 
compatible with this. 

Watt first proposed removing this defect by placing 
a cylinder under each arm of the beam^ so that when 
one piston would be rising, the other would be fall- 
ing. Thus the power would be acting on each, exactly 
at the time when its tctim on the other would be 
suspended^ and an uniformity would be produced by 
making both cylinders communicate with the same 
bmler^ so that steam of the same pressure would act 
upon them' They might also commumeate whk the 
same condenser, so that the .flame degree of con- 
densation, and a similar vacuum would be produced 
in each, thus insuring an qualify of action* 

(5&) This arrangement, howler, was soon hud 
aside in favour jof the smgle cylinder, with steam 
pressing the piston both upwards and downwards. 
This was easily eceompikhed by opening alternate 
communications, by valves, between «ach end of the 
cylinder, and the binler and condenser. Thus, when 
the piston is at the top df the cylinder, steam is ad* 
mitted from the. boiler above the piston, while the 
steam below it is alloiYed to flow into the condenser; 
and when the piston i» at the bottom of the cylinder, 
steam is admitted from the boiler below it, while that 
which is' above itisalbwtd to flow into the condenser. 
There is thus a vacuum formed in the cylinder, alter* 
nately, above and below the piston, into which the 
steam admitted on the other aide presses it. Such is 
the princifde of what is called the doMe-acting ^eom* 
CT^m, in contradistinctioii to that in which^ M de» 
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scribed in the last teetut^, stttCuoii ieti wly om 4Ad 
side of the piiston, while a vacuum is pr<^«o^ «taly 
on the other side. 

In this case, the prcjieesd of Cond^Matioci mtiBt be 
constantly sustained in the cond^nser/fot When thei 
piston is descending, the steam bdow it ib %i6iitg ^6n* 
densed, and when it is ascettding, the i^tUsa abatt it 
iis being condensed. The jet must itiet^tiit be k^ 
constantly playing in the condenser, and the qMH- 
tity of water which it admits, is tegidated by a 
valve adjusted by a lever or index which moves up<m 
a graduated ardi, and which may be regulated by 
the engmeer whm the engine is s^t at work. 

(56.) This chang<& in the aCtnm of the first mover 
occamraed a necessity fcnr a'lsfatmge in the maniier of 
connecting the pistons-rod with the beam. In die 
single-acting engine, the end of the beam pulled 
the piston-^rod vp^ and die pistonnrod fuUei the 
eml of the beam^fev;!^. In both these cases^ therefore, 
a flexible chain, applying itself to the arch-head 
of the beam> evidently tmnsmitted the forces But 
lA the double-acting engine it isquite jotherwise. In 
the descent/it 4s true, that the {»ston-rod still p^h 
the beam iJottw, but in the ascent the beam no longer 
fmUs up the pistdn-n)d, but is pushed 4ip by it. Now, 
afle^ibk ckaiti, tinrngh an effisctive vgsat in trans- 
mitting ttiat modifteation of force called a puUj is in- 
capaUe d* eommunicating a push or ihtusi. Were 
the chain and arch-head to be used in a double engine, 
(<whixdi hat.ncjtonnker weight <Mi the opposite end of 
the beam to pull it up) the consequence woukl be 



Digitized by VjOOQIC 



81 

that, in the ascent of the pistdn, the diain would 
slacken, and the end of the beam above the (nston- 
rod still remain depressed. 

It is, therefore, necessary that the connexion of the 
piston-rod with the end of the beam should not be 
flexible but rigid, so as to be capable of transaiitting 
force, both hy pulling and pushing. Watt first pro- 
posed effecting this by making the piston-rod ter- 
minate in a rack with teeth, which should play in 
corresponding teeth raised on the arch head of the 
beam as in fig. 13. 

(57.) Against this method, however, thei^ were 
some objections, as it was liable to wear, and failed 
to give that smoothness of motion to the piston-rod 
which is essentially necessary for the preservation of 
the condition of the engine. The problem, therefore, 
which presented itself for solution, was to convert a 
perfectiy smooth and straight motion of the piston- 
rod into a circular motion in the end of the beam,*, 
and the genius of Watt never was more clearly mani'^ 
fested than in his solution of this problem. 

He conceived the notion of two straight rods a b, 
c D (fig. 14.) moving on centres or pivots a and c, so 
that the ends b and n would move in arcs of circles, 
with A and c as centres. The extremities b and n 
of these rods he conceived to be connected by a third 
rod B D, united with them by pivots at b and D, 
on which it could turn freely* To the system of 

* Technically/ '^ to conyert a reciprocating rectilinear mo- 
tion into a reciprocating circular motion.'^ 
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rods thus ccmnected, let an alternate motion rbuiid 
the fixed centres a and c be communicated* The 
points' B and n will move in arcs with centres at 
A and c respectively^ but the middle point p of the 
connecting-rod b d will move upwards and down- 
wards in a straight Kne.* 

His manner of reducing this mathematical principle' 
to practical appUcation was as elegant as the notion 
itself was ingenious. 

The apparatus is represented on the arm of the- 
beam which works the piston in fig. 15. The beam, 
moving on its axis c^ every point in its arm moves 
in the arc of a circle of which c is the centre. Let 
B be the point which divides the arm a c into equal 
parts, A B and b c: and let n £ be a straight rod 
equal in length to c b, and playing on the fixed centre 
or pivot D. The end £ of this rod is connected by 
a straight bar £ b with iSbe point b, by pivots at b 
and E, on which the rod B e turns freely.- If the 
beam be supposed to move alternately on its axis c, 
the point b will move up and down in a circular arc, 
of which c is the centre; and at the same time the 
point £ will move in an equal circular arc round the 
point D as a centre. According to what we have Just 

* In a strict mathematical sense, the path of the point p is 
a cnrre of an' high order, but in the play which is given to it 
in the application used in the steam-engine, it describes only 
a part of its entire locus, and this part extending equally on 
eacb side of a point of inflection, its radius of curvature is' 
infinite, so that in practice, the deviation from a straight line, 
when proper proportions are observed in the rods, is imper- 
ceptible. 
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topbdned>the middle point f ctf ^ rods e wiUmdTe 
up and down in a straight line. 

Also, let a rod A g, eqnal in length to b b^ be at* 
tached to the end a of the beam by a pirot on which 
it moves fbeely; and let its e^stremity d be <^>nn€cted 
with E by a rod g e, equal in length to a b, and play • 
ing on pivots at o and e. The point g will move in 
a stnd^t line parallel to that in which f moves,* The 
piston-rod of the steam-piston is attached to the point 
c^and that of the air-pump is attached to the point f, 
sa tfaat^ey are thus moved in parallel straight ]mt9^ 
one having double the motion erf the other, being 
double the distance from the centre c.f 

This beautiM contrivance isi called tberp«ra/&/fm>* 
tim: and is an instancte of the result of a complicated 
mathematical analysis perceived instinctively, ami 
apparently without any ^ain of connected reasoning. 
Watt was asked by 4hose whose admiratkm was justly 
excited by th» exquisite invrotiwi, to what reasoning 
he could trace back his discovsery^ and he replied that 

• The pofaiti c, F and g evideiifly Be^ i» the fiaoief straiglit 
line, «iiiee CB : ca :: bf : AG, and the Isttet lines are peralleL 
Taking c as the common pole of the foct of thepoints F, g, the 
radius vector of the one will always be twice the correspond- 
ing radius vector of the other; and, therefore, these curves 
are similar, similarly placed and pa^llel. R€»ce, 1^ the last 
note, the point g must move in a Mae, diffdilng iaf>eficoptiUy^^ 
from a right line. 

t It is not necessary that the rods, ftwrming ttte paraOleliio. 
tion, should have the proportions whicfc we hftva assigaed to 
them. There are various proportions wbichafiswertheffwtr** 
pose, and which will be seen by refewncte to wwks on tha 
steam-engine. 
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he "Wfls awaro of fitone; that th6 conceptioii 'flashted 
upon his mind without previotts investigation, and 
so as to excite in himself surprise at the perfection of 
its action ; and that at looking at it for the first time, 
he experienced aU that pleasupeabte sense ofnovdty 
which arises from the first contemplation of the re- 
sults of the invention of others. 

TTiis and the other inventionsof Watt seem toliave 
been the pure creations of his genius, very fittle as^ 
sisted by the results of practice* It does not even 
appear diat he was a dexterous mechanic; for he 
never assisted in the constructions of the first models 
of his own inventions. His dwelling-house was two 
•miles frbm the factory, to which he never went more 
than once in the week, and then did not stay half an 
hour. 

(58.) A perfect method being thus obtained of con- 
veying the alternate motion of the piston to the work- 
ing beam, the use of a eountei*poise to lift the piston 
was discontinued, and the beam was made to balance 
itself exactly on its centre. The next end to be ob- 
tained v^^as to adapt ihe vibrating force of the working 
end of tlie beam to the motion of machinery. The 
motion most generally useful for this purpose is one 
of continued rotation. The object, therefore, was by 
the alternate circular motion of the end of the beam 
to produce a eontinued circular motion. In the first 
instance. Watt proposed effecting this by a crofdc, 
connected with the working end of the beam by t 
metal connector or rod. 

Let K be the centre oraxis of the wheel which works 
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the knachineiy^ and to which rotation is to be imparted 
by the beam c h. On theaxle k, suppose a lever k : 
fixed, so that when k i is turned round the centre n^, 
the wheel must be turned with it. Let a connector or 
rod H I be attached to the points h and i, playing 
freely. on, pivots or joints. As the end h is moved 
upwards and downwards, the lever k i is turned round 
the centre k, so as to give a continued rotatory motion 
to the wheel which revolves on that centre. The 
different positions which the connector and lever k i 
assume in the different parts of a revolution . are 
represented in fig. 16. 

(69.) This was theffrst method which occurred to 
Watt for producing a continued rotatory motion by 
means of the vibrating motion of the beam, and is the 
method now universally used. A workman, however, 
from Mr. Watt's factory, who was aware of the con- 
struction of a model of this, communicated the method 
to Mr. Washborough of Bristol, who anticipated 
Watt in taking out a patent, and although it was in 
his power to have disputed the patent, yet rather 
than be involved in litigation, he gave up the point, 
and contrived another way of producing the same 
effect, which he called the sun and planet wheel, and 
which he used until expiration of the Washborough's 
patent, when the crank was resumed. 

The toothed wheel b (fig. 17.) is fixed on the end of 
the connector, so that it does not turn on its axis. 
The teeth of this wheel work in those of another wheel 
A which is the wheel to which rotation is to be im- 
Harted, and which is turned by the wheel b revolv- 
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irig round it, urged by the rod h i, which receives its 
motion from the working-beam. Tlie wheel a is called 
the sun-wheel^ and b the planet wheel, from the 
obvious resemblance to the motion of these bodies. 

This contrivance, although in the main inferior to 
the more simple one of the crank, is not without some 
peculiar advantages; among others, it gives to the 
sun-wheel double the velocity which would be com- 
municated by the simple crank, for in the simple 
crank one revolution only of the axle is produced by 
one revolution of the crank, but in the sun-and-planet 
wheel two revolutions of the sun-wheel are produced 
by one of the planet-wheel ; thus a double velocity is 
obtained from the same motion of the beam. This 
will be evident from considering that when the {Janet- 
wheel is in its highest position, its , lowest tooth is 
engaged with the highest tooth of the sun-wheel; as 
the planet-wheel passes from the highest position, its 
teeth driving those of the sun-wheel before them, 
when it comes into the lowest position, the highest 
toolh of the planet-wheel is engaged with the lowest 
of the sun-wheel : but then half of the sun-wheel has 
rolled off the planet-wheel, and therefore, the tooth 
which was engaged with it in its highest position, 
must now be distant from it by half the circumfer- 
ence of the wheel. A little reflection, however, on 
the nature of the motion, will render this plainer than 
any description can. This advantage of giving an 
increased velocity, may be obtained also by the simple 
crank, by placing toothed wheels on its axle. Inde- 
pendently of the greater expense attending the con- 
struction of the sun-and-planet wheel, its liability, to 
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go out of order, ami the tapid vear of the teefh aiwi 
other objectums^ rendered it decidedly inferior to' the 
cranky which hag now entirely superseded it* 

(60.) Whether the simple crank or the sun-and- 
planet wheel be used, there is a difficulty of a peculiar 
nature attendingthe continuance of the rotatory motion 
which is still to be overcome. There are two posi- 
tions in which the engine can give no motion what- 
ever to the crank, and these are when the end of the 
beam, the axle of the crank, and the pivot which 
joins the connector with the crank, are in the same 
straight line. This will be easily understood. Supr 
pose the beam, connector, and crank to assume th^ 
position represented in fig. 16. If steam urge the 
piston downwards, the point h and the connector n i 
wifl be drawn directly upwards. But it must be very 
evident that in the present situation of the connector 
H I, and the lever i k, the force which draws the point 
I in the direction i k can have no eflTect whatevef 
in turning i k round the centre k, but will mereljr 
exert a pressure on the axle or pivots of the wheel. 

Again, suppose the crank and connector to be in 
the position h i k (fig. 16.), the piston being conse- 
quently at the bottom of the cylinder. If artewaa 
now press the piston upwards, the pivot h and the 
connector h i will be pressed downwards, and this 
pressure will urge the crank i k in the direction t k. 
It is evident that such a force cannot turn the crank 
round the centre k, and can be attended with no 
other eflPect than a pressure on Ae axle or pivots of 
the wheel. 
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^ ' Henee in'these tw6 pontmUi; Aeeiigine oaa hare 
no ^fii90t whatever in ttiramgithecmnk. WluttihoDi 
lit may be 'diked, extrioates the^machineihmi the me* 
i^tanical dilemma in 'which it is plaeed twice in 
every Fevehitiony <m ^irriving at tiiose positions in 
^whidi t^e crank escapes the influence of the power ? 
^here is a tendency in bodies, when once put in mo* 
^Gti, to continue that motion until stopped by some 
t>pposing force, and this tendency carries the craid: 
^out of those two critical situations. The velocity 
-which is given to it, while it is imder the ii^uenCd of 
the impelling force of the beam, is retained in a suffi- 
cieM degree to ca:rry it through (bat eituation in 
^hich it is deserted by this impdling forc^ M- 
^though the rotatory motion intended to be produced 
by (^ crank is, therefore, not absolutely impeded by 
this circumstance, yet it is rendered extremely irre- 
>gular, since, in passing through the two portions al- 
leady described, where the machine loses its power 
'over the crank, the motion will b& very slow, and, in 
'tiie positkms of the crank most remoite from these, 
where the power of the beam upon tt ts greatest, the 
motion will be very quick. As the crank revolves 
^firom^ach of those positions wha^e the power of the 
"madiine over it is greatest, to where that power is 
liltogether lost, it ie ocmtinually diminished, so that in 
^fact the crank is driven by a vari^g power, and so 
product a varymg motion. Hiis will be eai»ly un- 
derstood byconsidmng the eueeessiv* positions of 
Ae cnodc md iBonnector represented m^g. 16. 
* Hub vaiiabte motion becomes parti««l«rly 4kji0^ 
tkm^^wtoi IhB ai^ne k employed id dnve'flm- 
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chiri<My, • To remove this drfect, we have recounie to 
the property of bodies just mentioned^ viz. their ten- . 
dency to retain a motion which is communicated ta 
them. A large metal wheel called ^fly-wheel is placed 
ipiHi the axis of the crank (fig. \b.^y and is turned by 
(t. The effect of this wheel is to equalize the motion 
communicated by the action of the beam on the 
cranky that action being just sufficient to sustain in 
the fly-wheel an uniform velocity, and the tendency 
of this wheel to retain the velocity it receives, rendera 
its rotaticm sufficiently uniform for all practical pur- 
poses. 

This imiformity of motion, however, will only be 
preserved on two conditions, jint^ that the supply of 
steam from the boiler shall be uniform, and secondly 
that the machine have always the same resistance to 
overcome or be loadtd equally. If the supply Cff 
steam from the boiler to the cyUnder be increased, 
the motion of the piston will be rendered more rapi(i, 
and, therefore, the revolution of the fly-wheel will also 
be more rapid, and on the other hand a diminishe$l 
supply of steam will retard the fly-wheel. Again, if 
the resistance or load upon the engine be diminished, 
the supply of steam remaining the same, the velocity 
will be increased, since a less resistance is opposed to 
the energy of the moving power, and on the oth^ 
hand, if the resistance or load be increased, the speed 
will be diminished, since a greater resistance will be 
opposed to the same moving power. To insure an 
uniform velocity, in whatever manner the load or re- 
sislance may be changed, it is necessary to propor- 
tion the supply of steam to the resistance, so.tiliat 
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upon the least variation in the velocity, the supply of 
steam wiU be increased or diminished, so as ;to keep 
the engine going, at the same rate. 

(61.) One of the most striking and elegant appen- 
dages of the steam-engine is the apparatus contrived 
by Watt for effecting this purpose. An apparatus, 
called a regulator or governor, had been long well 
known to mill-wrights for rendering uniform the action 
d the stones in com mills, and was used generally in 
machinery. Mr. Watt contrived a beautiful appli- 
cation of this apparatus for the regulation of the 
steam-engine. In the pipe which conducts steam 
from the boiler to the cylinder he placed a thin cir- 
cular plate, so that when placed with its face pre- 
sented towards the length of the pipe, it nearly 
stopped it, and allowed little or no steam to pass to 
the cylinder, but when its edge was placed in the di- 
rection of the pipe, it offered no resistance whatever 
to the passage of the steam. This circular plate w^ 
made to turn on a diameter as an axis, passing con- 
sequently through the centre of the tube. This pl^te 
or valve, called the throttle valve, was turned by a 
lever outside the tube, and according to the position' 
given to it, would permit more or less steam to pass. 
If the valve be placed with its edge nearly in the di- 
rection of the tube, the supply of steam is abundant ; 
if it be placed with its face nearly in the direction of 
the tube, the supply of steam is more limited, and it 
appears that by the position given to this valve, 
the steam miay be measured in any quantity to the 
cylinder. 
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Ati flnt it wat proposed that die emgiiie^matt 
sboald adjust this Take: mlL his hand; \riiea the 
engine was observed toi increase its. speed too much, 
he would check the supply of steam by partially 
closing the valre^ but if on thaolher hand the motion 
was too slow^ he would opoi the valve and let in a 
more abundant supply of steam* Watt» however^ 
was not contadt wi& thi8> and desired to make the 
engine itsdf discharge this task with more steadiness 
and regularity than any attendant could^ and fcnr this 
purpose he appUed the governor already alluded to^ 

This apparatus is represented in fig; 15 ; l is a per^ 
pendicular shaft or axle to which a wheel m with a 
groove is attached^ and which turns with the shaft in 
pivots at the ends of the shaft l. A strap or rope 
which is rolled upon the axle of the fly-wheel is pass-* 
ed round the groove in the wheel m> in the same man-* 
ner as the strap acts in a> turning lathe. By means 
of this strap the rotation of the fly-wheel will produce a 
rotation of the wheel m and the shaft l, and the speed 
of the one yrill always increase or diminish in the 
same proportion as the speed df the other. N, n 
are two heavy balls of metal placed at the ends of 
rods, which play on an axis fixed on the revolving 
shaft at o, and extend beyond the axis to q, q. 
Connected with these by joints at q<^ are two athet 
rods Q R, which are attached to abroad ring of metal, 
moving freely up and down the revolving shaft. 
This ring is attached to a lever whose centre 
is s, and is connected by^ a series of levers with 
the throttle^vajve t. When the speed of the fly-» 
wheel is much increased, the spindle l is whirled 
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taral tendency^ th/e baU&N n fly from tha centre^ 
The levers which pl^y oa the axis o^, by: this motion^ 
diverge from each otheri and, thereby depress the 
joints Q q, and by this draw down the. joiats b, 
and with, them the ring; of metal which slides upon 
spiodle. By these means the end of the lever 
playing on s is depres8ed> and the ead v raised^ 
and the mci4.ion is transmitted to the throttle-valva 
which is thereby partially cloaedi and. the supply of 
steam to the cylinder checked. If, on the contrary, 
the velocity of the fly-*wheel be diminished, the balls 
will fall towards the axis, and the opposite effects 
ensuing,; the supply of steam will be increased, and. 
the velocity restored* 

The peculiar beauty of this apparatus^ is, that in 
whateyei: position the balls settle themselves, the 
velocity with.which> the governor. rew)lves must be 
the same it and in tl»is,;in fact,.consi8tSi its; whole 
efficacy as a regulatgri. Let us suppose. that the en«- 



♦ The centrifugal fQrce, 

f Strictly speaking, this ia only true when the divergence of 
the rods from the spindle is not very great, and in practice^ 
this divergence is never sufficient to render the ahove asser- 
tion untrue. This property of the conical pendulum arises 
firomthe circumstance of the centrifugal force, in this instance, 
varying as the radius of the circle in which the halls are 
moved ; and when this is the case, as is well known, the 
periodic time is constant. The time of one revolution of the 
balls is equal to twice the time in which either ball, as a com-^ 
mon pendulum, would vibrate on the centre, and as all its 
vibrations, though the arcs be unequal, are equal in time. 
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gine is working 100 looms, and that 50 of' them are 
thrown out of gear. The engine is thus suddenly 
reUeved of half its load» and the supply of steam 
before employed, will now make it move with a con- 
siderably increased velocity. The balls will imme- 
diately fly from the axis and partially close the 
throttle-valve, and diminish the supply of steam. 
When this is so far accomplished as to restore the 
engine to its former velocity, the balls will become 
steady, and continue to revolve at the increased dis- 
tance from the axis with the same velocity as they 
before revolved at the original distance. 

We have thus described the principal parts of the 
double-acting steam-engine. The valves and the 
methods of working them have been reserved for the 
next lecture, as they admit of considerable variety, 
and will be better treated of separately. We have 
also reserved the consideration of the boiler, which 
is far from being the least interesting part of the 
modem steam-engine, for a future lecture. 



provided tiiose arcs be small, so also is the periodic time of 
the rev61ving balls invariable. These obsenrations, however, 
only apply when the balls settle themselves steadily into a 
circular motion; for while they are ascending they describe a 
a spiral curve with double curvature, and the period will 
vary. This takes place during the momentary changes in the 
velocity of the engine. 
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LECTUUE VII. 



X)n the Valves of the doable-acting Steam-En^ne — Original 
' Valves — Spindle Valves —Sliding Valve— D Valve— 
• Four-way Cdck. 



(62.) The various iinprovements described in the 
last lecture wer^ secured to Watt by patent in the 
•year 1782. The engine now acquired an enlarged 
sphere of action ; for its dominion over manufactures 
was xlecided by the Jty-wheel, crank, and governor. 
' By means of these appendages, its motions were re- 
gulated with the most delicate precision ; so that while 
it retained a power whose magnitude was almost un- 
limited, that power was under as exact regulation as 
the motion of a time-piece. There is no species of 
manufacture, therefore, to which this machine is not 
applicable, from the power which spins the finest 
thread, or produces the most delicate web, to that 
which is necessary to elevate the most enormous 
weights, or overcome the most unlimited resistances. 
Although it be true, that in later times the steam- 
engine has received many improvements, some of 
which are very creditable to the invention and talents 
ot their projectors, yet it is undeniably certain, that 
all its great. and leading perfections^ all those qua- 
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lities by which it has produced such wonderful effects 
on the resources of these countries, by the extension 
of manufactures and commerce, — those qualities by 
which its influence is felt and acknowledged in every 
part of the civilized globe, in increasing the happiness, 
in multiplying the enjoyments, and cheapening the 
pleasures of life, — that these qualities are due to the 
predominating powers of one man, and that man one 
who possessed neither the influence of wealth, rank^ 
nor education, to give that first impetus which is 
so often necessary to carry into circulation the earlier 
productions of genius. 

The method of working the valves of the double- 
acting steam-engine is a subject which has much 
exercised the ingenuity of engineers, and many ele- 
gant contrivances have been suggested, some of which 
we shall now proceed to describe. But even in this 
the invention of Watt has anticipated his successors; 
and the contrivances suggested by him are those 
which are now almost universally used. 

In order perfectly to comprehend the action of the 
several systems of valves which we are about to de- 
scribe, it will be necessary distinctly to remember the 
manner in which the steam is to be communicated to 
the cyUnder, and withdrawn from it. When the pis- 
ton is at the top of tie cylinder, the steam below it 
is to be drawn off to the condenser, and the steam 
from the boiler is. to be. admitted above it. Again^ 
when it has anived at the bottom of the cylinder, the 
steam above is to be drawn off to the condenser, and 
the steam from the boiler is to be admitted below it* 

In the^earliei; engines constructed by Watt, thi9 was 
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accomplished by four valves, which were opened and 
closed in pairs. Valve boxes were placed at the top and 
bottom of the cylinder, each of which communicated 
by tubes with both the steam-pipe from the boiler 
and the condenser. Each valve-box accordingly con- 
tained two valves, one to admit steam from the steam- 
pipe to the cylinder, and the other to allow that 
steam to pass into the condenser. Thus each valve- 
box contained a steam valve and an exhausting valve. 
The valves at the top of the cylinder are called the 
upper steam valve j and the upper exhausting valve, and 
those at the bottom, the lower steam valve and the 
lower exhausting valve. In fig. 15. a' is the upper 
steam valve, which when open admits steam above the 
piston ; b' is the upper exhausting valve, which when 
open draws off the steam f5rom the piston to the con- 
denser, c' is the lower steam valve, which admits 
steam below the piston, and d' the lower exhausting 
valve, which draws off the steam from below the pis- 
ton to the condenser. 

Now, suppose the piston to be at the top of the 
cylinder, the cylinder below it being filled with steam, 
which has just pressed it up. Let the upper steam 
valve a', and the lower exhausting valve d' be opened, 
and the other two valves closed. The steam which fills 
the cyUnder below the piston will immiediately pass 
through the valve d' into the condenser, and a vacuum 
will be produced below the piston. At Ae same 
time, steam is admitted from the steam-pipe through 
the valve a^ above the piston, and its pressure will 
force the piston to the bottom of the cyhnder. On 
the arrival of the piston at the bottom of the cylinder, 
f2 
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the upper steam vtdve a', and lower exhausting valvQ 
n', are closed ; and the lower steam valve c', and upper 
exhausting valve b' are opened. The steam which 
fills the cylinder above the piston now passes off 
through b' into the condenser, and leaves a vacuum 
above the piston. At the same time, steam from the 
boiler is admitted through the lower steam valve c', 
below the piston, so that it will press the piston to 
the top of the cylinder; and so the process is con- 
tinued. 

It appears, therefore^ that the upper steam valve, and 
the lower exhausting valve, must be opened together, 
on the arrival of the piston at the top of the cylinder. 
To effect this, one lever e' is made to communicate by 
Jointed rods with both these valves, and this lever is 
moved by a pin placed on the piston-rod of the air- 
pump ; and such a position may be given to this pin 
as to produce the desired effect exactly at the proper 
moment of time. In like manner, another lever f' 
communicates by jointed rods with the upper ex- 
. hausting valve and lower steam valve, so as to open 
them and close them together ; and this lever in like 
manner is worked by a pin in the piston-rod of the 
air-pump* 

(63.) This method of connecting the valves, and 
working them, has been superseded by another, for 
which Mr. Murray of Leeds obtained a patent, 
which was, however, set aside by Messrs. Bolton and 
Watt, who shewed that they had previously practised 
it. This method is represented in fig. 18, 19. The 
stems of the valves axe perpendicular, and move i^ 
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steam-tight sockets in the top of the yalve-boxes. 
The stem of the upper steam valve a is a tube through 
which the stem of the upper exhausting valve b 
passes^ and in which it moves steam-tight; both 
these stems moving steam-tight through the top of 
the valve-box. The lower steam valve c, and ex- 
hausting valve D/ are similarly circumstanced; the 
stem of the former being a tube through which the 
stem of the latter passes. The stems of the upper 
steam valve and lower exhausting valve are then con- 
nected by a rod £ ; and those of the upper exhausting 
TOlye and lower steam valve by another rod f. These 
rods, therefore, are capable of moving the valves in 
' pairs; when elevated and depressed. The motion 
which works the valves is, however, not communicated 
by the rod of the air-pump, but is received from the 
scxis of the fly wheel. This axis works an apparatus 
called an eccentric; the principle which regulates the ' 
ihotion of this may be thus explained : 

D E (fig. 20, 21.) is a circular metallic ring, the' 
itiner surface of which is perfectly smooth. This 
ring is connected with a shaft f b, which communi- 
cates motion to the valves by levers which are at- 
tached to it at B. A circular metalUc plate is fitted 
ih the ring so as to be capable of turning within it, 
the surfaces of the ring and plate which are in contact 
being smooth and lubricated with oil or grease. This 
circular plate revolves, but not on its centre. It turns 
on its axis c, at some distance from its centre a ; the 
effect of which, evidently, is that the ring within 
which it is turned is moved alternately in opposite 
directions, and through a space equal to twice the 
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distance (c a) of the axis of the circular plate from the 
common centre of it and the ring. The eccentric in 
its two extreme positions is represented in fig. 20,21. 
The plate and ring D Bare placed on the axis of the fly* 
whed^or on the axisof some other wheel which is worked 
by the fly-wheel. So that the motion of continued rota- 
tion in tiie fly-wheel is thus made to produce an alter- 
nate moticm in a straight Une in the shaft f b. This rod 
is made to communicate by levers with the rods e and f 
(fig. 18, 19), which work the valves in such a manner, 
that when the eccentric is in the position fig. 20, one 
pair of valves are opened and the other pair closed; 
and when it is brought to the position fig. 21, the other 
pair are opened, and the former closed, and so on. It 
is by means of such an apparatus as this, that the 
valves are worked almost universally at present. 

The piston being supposed to be at the top of the 
cylinder (fig. 18.) and die rod e raised, the valves a 
and D are opened, and b and c closed. The steam 
enters from the steam-pipe at an aperture inmiediately 
above the valve a, and passing through the open 
valve, enters the cyUnder above the piston. At the 
same time, the steam which is below the piston, and 
which has just pi-essed it up, flows through the open 
valve D, and through a tube immediately under it to 
the condenser. A vacuum being thus produced below 
the piston, and steam pressure acting above it, it 
descends, and when it arrives at the bottom of the 
cylinder (fig. 19.) the rod f is drawn down, and 
the valves a and d fall into their seats, and at the 
same time the rod f is raised, and the valves b and 
c are opened. Steam is now admitted through an 
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aperture above the valve c, and passes l)elow tne pis- 
ton, while the steam above it passes through the open 
valve B into a tube immediately under it, which leads 
to the condenser. A vacuum being thus produced 
above the piston, and steam pressure acting below it, 
the piston ascends, aiid thus the alternate ascent and 
descent is continued by the motion communicated to 
the rods e f from the fly-wheel, 

(64.) There are various other contrivances for regu- 
lating the circulation of steam through the cylinder. 
In fig. 22. 23. is represented a section of a slide valve 
suggested by Mr. Murray of Leeds. The steam- 
pipe from the boiler enters the valve-box d £ at s. 
Curved passages a a, b b, communicate between this 
valYftrbox and the top and bottom of the cyUnder; 
wd a fourth passage leads to the tube c, which passes 
to thp condenser. A sliding piece within the valve- 
box opens a communication alternately between each 
end of the cylinder, and the tube c which leads to 
the condenser. In the position of the apparatus in 
fig. 22. steam is passing from the steam-pipes, through 
the curved passage a a above the piston, and at the 
same time the steam below the piston is passing through 
the passage b b into the tube c, and thence to the 
condenser. A vacuum is thus formed below the pis- 
ton, and steam is introduced above it. The piston, 
therefore, descends ; and when it arrives at the bot- 
tom of the cylinder, the slide is moved into the posi- 
tion represented in fig. 23. Steam now passes from 
s through B B below the piston, and the steam 
above it passes through a a and c to the condenser, 
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A vacuum is thus produced above the piston^ and 
steam pressure is introduced below it^ and the piston 
ascends ; and in this way the motion is continued. 

The slide is moved by a lever, which is worked by 
the eccentric from the fly-wheel. 

(66.) Watt suggested a method of regulating the 
circulation of steam, which is called the' d valve,' 
from the resemblance which the horizontal section 
of the valve has to the letter d. This method, which, 
is very generally used/ is represented in section in 
fig. 24. 25. Steam from the boiler enters through s. 
A rod of metal connects two solid plugs a b, which 
move steam-tight in the passage n. In the position 
of ^ the apparatus represented in fiig. 24. the steam 
passes from s through the passage d, and inters 
the cylinder above the piston, while the steam below 
^e piston passes through the open passage by the 
tube c to the condenser. A vacuum is thus formed 
below the piston,' while the pressure of steam is in- 
troduced above it, and it accordingly dei^cends. When 
it has arrived at the bottom of the cylinder, the plugs 
A B are moved into the position in fig. 25. Steam 
now passing from s through n, enters the cylinder 
below the piston ; while the steam which is above 
ihe piston, and has just pressed it down, passes 
through the open passage into the condenser. A va- 
cuum is thus produced above the piston, and the 
steam pressure below forces it up. When it has 
arrived at the top of the cylinder, the position of the 
plugs A B is again changed to that represented in 
fig. 24. and a similar effect to that already described 
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is produced^ and the pistou is pressed down; and so 
4he process is continued. 

The plugs A B, and the rod which connects them^ 
are moved up and down by proper levers, which 
receive their motion from the eccentric, 

This contrivance is frequently modified, particularly 
in cases where the engine is not of very great power^ 
by conducting the steam from above the piston to the 
condenser^ through a tube in the plugs a b, and their 
connecting rod. In fig. 26. 27, a tube passes through 
the plugs A B and the rod which joins them. In the 
position fig. 26. steam entering at s passes through 
the tube to the cylinder above the piston, while the 
fiteam below the piston passes through c into the 
condenser. A vacuum being thus made below the 
piston, and steam pressing above it, it descends; and 
when it has arrived at the bottom of the cylinder, the 
position of the plugs A b and tube is changed to that 
represented in fig. 27. : The steam now entering at s 
passes to the cylinder below the piston, while the 
«team above the piston passes through c into the 
condenser, A vacuum is thus produced above the 
piston, and steam pressure introduced below it, so 
that it ascends. When it has arrived at the top of 
the cylinder, the plugs are moved into the position 
represented in fig. 26. and similar effects being pro- 
duced, the piston again descends ; and so the motion 
is continued. 

^. The motion of the sliding tube may be produced 
as in the former contrivances, by the action of the 
eccentric. It is also sometimes done by a bracket 
festened on thepiston-rod. This bracket, in the de^ 
f5 
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sceat of the piston, str&es aprqjeiction on the valve*- 
rod^ and drives it down, and in the ascent meets a 
similar projection, and raises it. 

(66.) Another method, worthy of notice for its ele- 
gance and simplicity, is the four-way cock. A section 
pf this contrivance is given in fig. 28. 29. ct s b are 
four pajssages or tubes ; s leads from the boiler, and 
introduces steam ; c, opposite to it, leads to the con- 
denser ; T is a tube which communicates with the top 
of the cylinder ; and b one which communicates with 
the bottom of the cylinder. These four tubes com- 
municate with a cock which is furnished with two 
curved passages, as represented in the figures ; and 
these passages are so formed, that according to the 
position given to the cock, they may be made to open 
a communication betweeu any two adjacent tubes of 
the four just mentioned. When the cock is placed 
as in fig. 28. communication is opened between the 
steam-pipe and the top of the cylinder by one of the 
curved passages, and between the condenser and the 
bottom of the cylinder by the other curved passage. 
In this case the steam passes from below the piston 
to. the condenser, leaving a vacuum, under it, and 
steam is introduced from the boiler above the piston. 
The piston therefore descends ; and \iirhen it has ar- 
rived at the bottom of the cylinder, the position of 
the cock is changed to that represented in fig. 29. 
This change is made by turning the cock throu^ one 
fourth of an entire revdution, which may be done by 
a lever moved by the eccentric, or by various other 
means. One of the curved passi^s in the cock now 
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opens a communicatipn bet\t4seti th^ steam-pipe and 
the bottom of IJie cylinder; while the other opens a 
communication between the condenser and the top of 
the cylinder. By these meatns^ the steain from the 
boiler is introduced beldw the piston, while the steam 
above the piston is drawn off to the condenser. A 
vacuum being thus made above the piston, and steam 
introduce below it,: it ascends ; and whai it has ar- 
rived ait the top of the cylinder, the cock being moved 
back, it resumes the position in fig. 28. and the same 
consequences ensue, the piston descends, and so the 
process is continued. In fig. 30. 31. the four- way 
cock with the passages to the top and bottom of the 
cylinder is represented on a laiger scale. 

This beautiful contrivance is not of late invention. 
It was used by Papin, and is also described by Leu- 
pold in his Theatrum Machinarum, a work published 
about the year 1720, in which an engine is described 
acting with steam of high pressure, on a principle 
which we shall describe in a subsequent lecture. 

The four-way cock is liable to some practical ob- 
jections. The quantity of steam which fills the tubes 
between the cock and the cylinder, is wasted every 
stroke. This objection, however, also applies to the 
sliding valve (fig. 22. 23.) and to the sliding tube 
or n valves (fig. 24. 25. 26. 27.) In fact, it is appli- 
cable to every contrivance in which means of shutting 
off the steam are not placed at both top and bottom 
of the cylinder. Besides this, however, the various 
passages and tubes cannot be conveniently made 
large enough to supply steam in sufficient abund- 
ance, and consequently it becomes necessary to pro- 
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duce steam ia the boiler of a more than ordmary 
strength to bear the attenuation which it suffers in 
its passage through so many narrow tubes. 

One of the greatest objections, however, to the use 
of the four-way cock, particularly in large engines, is 
its unequal wear. The parts of it near the passages 
having smaller surfaces, become more affected by the 
friction,' and in a short time the steam leaks between 
the cock and its case, and becomes wasted, and tends 
to vitiate the vacuum. These cocks are, therefore, 
seldom used, except in small condensing engines; 
but are almost universally adopted in high-pressure 
steam-engines; for in these the leakage ia not of 
so much consequence, as will appear hereafter. 
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LECTURE VIIL 



The Boiler and its Appendages — Level Gauges — Feeding 
Apparatus — Steam Gauge — Barometer Gauge — Safety 
Valves — Self-regulating Damper — Edelcrante's Valve — 
Furnace — Smoke-consuming Furnace ^- Brunton's Self- 
regulating Furnace — Oldham's Modification. 



(67.) The regular action of a steam-engine, as well 
ae the economy of fuel^ depends in a great degree ok 
the construction of the boiler or apparatus for gene- 
rating the steam. The boiler may be conceived as a 
great magazine of steam for the use of the engine ; 
and care must be taken not only that a sufficient 
quantity be always ready for the supply of the ma- 
chine^ but also that it shall be of the proper quaUty; 
iJiat is^ that its pressure shall not exceed that which is 
required, nor fall short of it. Precautions should, there- 
fore, be taken^that the production of steam should 
be exactly proportioned to the work to be done, and 
liiat the steam so produced shall be admitted to the 
cylinder in the same proportion. 

To accomplish this, rarious contrivances, eminently 
remarkable for their ingenuity, have been resorted 
to and which we shall now proceed to describe. 
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(68.) Different methods have been, from time to 
time, suggested for indicating the level of the water 
in the boiler. We have already mentioned the two 
gauge-pipes used in the earlier steam-engines (26) ; 
and which are still in many cases continued. There 
are, however, some other methods which merit our 
attention. 

A weight F (fig. 32.) half immersed in the water 
in the boiler, is supported by a wire, which, passing 
steam-tight through a small hole in the top, is con- 
nected by a flexible string or chain passing over a 
wheel w, with a counterpoise a, which is just sufficient 
to balance f, when half immersed. If f be raised above 
the water, a being lighter, will no longer balance it, 
and F will descend, pulling up a, and turning the 
wheel w. If, on the other hand, f be plunged deeper 
in the water, a will more than balance it, and will 
pull it upu So that the only position in which f and 
A will balance each other is when f is half immersed. 
The wheel w is so adjusted, that when two pins, 
placed on its rim are in the horizontal position, as 
in fig. 32. the water is at its proper level. Conse- 
quently it follows, that if the water rise above this 
level, the weight f is lifted, and a falls, so that the 
pins p p' come into the position in fig. 33. If, on the 
<^er hand, the level of the water falls, f falls and a 
rises, so that the pins p p' assume the position in 
fig. 34. Thus, in general, the position of the pins 
p p' becomes an indication of the quantity of water in 
the boiler. 

Another method is to place a glass tube (fig. 35.) 
with one end t entering the boiler above the proper 
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levels and the othor end r' entering it below th^ 
proper leyel. It must be evident that the water 'm 
this tube will always stand at the dame level as the 
water in the boiler ; since the lower part has a free 
communication with that water, while the surface is 
submitted to the pressure of the same steam as the 
water in the boiler. This, and tbe lastrmentioned 
gauge have the advantage of addressing the eye of 
the engineer at once, without any adjustment, whereas 
the gauge cocks (26) must be both opened, whenever 
the depth is to be ascertained. 

These gauges, however, require the frequent atteh^ 
tion of the engine man; and it becomes desirable eithdr 
to find some more effectual means of awakening that 
attention, or to render the supply of the boiler, inde* 
pendent of any attention. In order to enforce the 
attention of the ei^ne man, to replenish the boiler 
when partially exhausted by evaporation, a tube waa 
sometimes inserted at the lowest level to which it was 
intended that the water should be permitted to &11. 
This tube Was conducted from the boiler into the 
engine-house, where it teiininated in a mouth-pi^ce 
or whistle, so that whenever the water fell below the 
level at which this tube was inserted in the boiler, 
the steam would rush through it, and issuing mtii 
great velocity at the mouth-piece, would sunmion the 
engineer to his duty with a call that would rouse him 
even from sleep. 

, (69.) In the most effectual of these methods, the 
task of replenishing the boiler should still be exe^ 
cuted by the engineer; and the utmost that the 
boiler itself was made to do, was to give due notice 
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Irf the necessity for the supply of water« The con-- 
sequence was, among other inconveniences, that the 
level of the water was subject to constant variation. 

To remedy this, a method has been invented by 
which the engine is made to feed its own boiler. The 
pipe g' (fig. 15.), which leads from the hot water 
pump h', tenninates in a small cistern c (fig. 36.), in 
which the water is received. In the bottom of this 
cistern a valve v is placed, which opens upwards, and 
communicates with a feed-pipe, which descends into- 
the boiler below the level of the water in it. The stem 
of the valve v is connected with a lever turning on 
the centre d, and loaded with a weight f dipped in 
the water in the boiler in a manner similar to that 
described in fig. 32. and balanced by a counterpoise 
A in exactly the same way. When the level of the 
water in the boiler falls, the float f falls with it, and 
pulling down the arm £ of the lever, raises the valve 
V, and lets the water descend into the boiler from th& 
cistern c. When the boiler has thus been reple* 
nished^and the level raised to its former place, f will 
again be raised, and the valve v closed by the weight 
A, In practice, however, the valve v adjusts itself 
by means of the eflfect of the water on the weight f,. 
so as to permit the water from the feeding cistern c 
to flow in a continued stream, just sufficient in, quan- 
tity to supply the consumption from evaporation, and 
to maintain the level of iJie water in the boiler con-» 
stantly the same« 

By this singularly felicitous arrangement, the boiler 
is made to replenish itself, or, more properly speak-* 
ing, it is made to receive such a supply as that it 
never wants: replenishing, an effect which no effort 
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of attention on the part of. an engine-man could •pro-' 
dace. But this is not the only good effect produced 
by this contrivance. A part of the steam which ori- 
ginally left the boiler, and having discharged its duty 
in moving the piston, was condensed and reconverted 
i^to water, and lodged by the air-pump in the hot- 
well (47), is here again restored to the source from 
which it came, bringing back all the unconsumed 
portion of its heat preparatory to being once more 
put in circulation through the machine. 

The entire quantity of hot water pumped into the 
cistern c is not always required for the boiler. A 
waste-pipe may be provided for carrying off the sur- 
plus, which may be turned to any purpose for which 
it may be required ; or it may be discharged into a 
cistern to cool, preparatory to being restored to the 
cold cistern (fig. 12.), in case water for the supply 
of that cistern be not sufficiently abundant. 

In cities and places in which it becomes an object 
to prevent the waste of water, the waste-pipes, pro- 
ceeding firom the feed-cistern c (fig. 36.), and from the 
cold cistern containing the condenser and air-pump,' 
may be conducted to a cistern a b (fig. 37.) Let c 
be the pipe from the feeding cistern, and d that' 
from the cold cistern; by these pipes the waste 
iVater from both these cisterns is deposited in 
A B. In the bottom of a b is a valve v, opening 
upwards, connected with a float f. When the quan- 
tity of water collected in the cistern a b is such, 
that the level rises considerably, the float f is raised, 
aiid lifts the valve v, and the water flows into the 
main-pipe, which supplies water for working the en-^ 
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gine. o is the cold water-pump {ot the supply of thje 
cold cistern. 

This arrangement for saving the water discharged 
from the feeding and condensing cisterns has been 
adopted in the i»rinting office of die Bank of Ireland^ 
and a very considerable waste of water is thereby , 
prevented. 

(70.) It is necessary to have a ready method of 
ascertaining at all times the strength of the steam 
which is used in working the engine. For this pur- 
pose a bent tube containing mercury is inserted into , 
some part of the apparatus which has free communi- 
cation with the steam. It is usually inserted in the 
jacket of the cylinder (44.) Let a b c (fig. 38.) bo 
such a tube. The pressure of the steam forces the , 
mercury down in the leg a 3, and up in the leg b c.-, 
If the mercury in both legs be at exactly the sam^ . 
level, the pressure of the steam must be exactly eqijial 
to that of the atmosphere ; because the steam pressure : 
on the mercury in a b balances the atmospheric pres- ^ 
sure on the mercury in b c. If, however, the level of 
the mercury in b c be above the level of the mer-? 
cury in b a, the pressure of the steam will exceed 
that of the atmosphere. The excess of its pressure 
above that of the atmosphere may be found by ob- 
serving the difference of the levels of the mercury in 
the tubes b c and b a ; allowing a pressure of one 
pound on each square inch for every two inches in 
the difference of the levels. 

If, on the contrary, the level of the piercury in b c 
should fall below its level in a b^ t^e atmospheric 
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pi^sure will exceed that of the steam, and the de«' 
gree or quantity of the excess may be ascertained 
exactly in the same way. 

If the tube be glass, the difference of levels of the 
mercury would be visible ; but it is mpst commonly 
made of iron ; and in order to ascertain the level, a 
thin wooden rod with a floaty is inserted in the open 
end of B c ; so that the portion of the stick within 
the tube indicates the distance of the level of the 
mercury from its mouth. A bulb or cistern of mer- 
cury might be substituted for the leg a b^ as in the 
common barometer. This instrument is called the 
steam-gauge. 

If the steam-gauge be used as a measure of th^ 
strength of the stesun which presses on the piston, it 
ought to be on the same side of the throttle valve 
(which is regulated by the governor) as the cylinder; 
for if it were on the same side of the throttie valve 
with the boiler, it would not be affected by the 
changes which the steam may undergo in passing 
through the throttle valve, when partially closed by 
the agency of the governor. (61) 

(71.) The force with which the piston is pressed 
depends on two things : V, the actual strength of the 
steam which presses on it; and 2^, on the actual 
strength of the vapour which resists it. For, al- 
though the vacuum produced by the method of sepa- 
rate condensation be much mcMre perfect than what 
had been produced in the atmospheric engines, yet 
still some vapour of a small degree of elasticity is 
found to be raised from the hot water in the bottom of 
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pump. One of these pressures is indicated by the 
steam-gauge already described ; but still, before we' 
can estimate the force with which the piston de- 
scends, it is necessary to ascertain the force of the 
vapour which remains uuicondensed, and resists the 
motion of the piston. Another gauge, called the 
barometer-gauge, is provided for this purpose. A 
glass tube a b (fig. 39. )? more than thirty inches long, 
and open at both ends, is placed in an upright or 
vertical position, having the lower end b immersed in 
a cistern of mercury, c. To the upper end is attached 
a metal tube, which communicates with the con- 
denser, in which a constant vacuum or, rather, high 
degree of rarefaction is sustained. The same vacuum' 
must> therefore, exist in the tube a b, above the level 
of the mercury ; and the atmospheric pressure on the 
Surface of the mercury in the cistern c will force the 
itoefcury up in the tube a b, until the column which 
i& suspended in it is equal to the difference between 
the atmospheric pressure, and the pressure of the 
uncondensed steam. (6) The difference between the 
column of mercury sustained in this instrument and 
in the common barometer, will detennine the strength 
of the uncondensed steam, allowing a force propor- 
tional to one pound per square inch for every two 
inches of mercury in the difference of the two co- 
lumns. (6) In a well-constructed engine, which is 
in good order, there is very little difference between 
the altitude in the barometer gauge and the common 
barometer. 
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To compute the force with which the pistoa.de- 
scendsy thus becomes a very simple arithmetical pro- 
cess. First ascertain the difference of the levels of 
the mercury in the steam-gauge. This gives the ex- 
cess of the steam pressure above the atmospherip 
pressure. Then find the height of the mercury in 
the barometer gauge. This gives the excess of the atmo- 
speric pressure above the uncondensed steam. Hence, 
if these two heights be added together, we shall ob- 
tain the excess of the impelling force of the steam 
from the boiler on the one side of the piston above 
the resistance of the uncondensed steam on the other 
side. This will give the effective impelling force. 
Now, if one pound be allowed for every two inches of 
mercury in the two columns just mentioned, we shall 
have the number of pounds of impelling pressure on 
every square inch of the piston. Then if the num- 
ber of square inches in the section of the piston be 
found (p. 44, note), and multiplied by the number of 
pounds on each square inch, the whole effective force 
with which it moves will be obtained. 

In the computation of the power of the engine, 
however, all this force, thus computed, is not to be 
allowed as the effective working power. For it re- 
quires some force, and by no means an inconsider- 
able portion, to move the engine itself, even when 
unloaded ; all this, therefore, which is spent in over- 
coming friction, &c. is to be left out of account, and ^ 
only the balance set down as the effective working 
power. 

From what we have stated, it appears that in order 
to estimate the effective force wiUi which the piston 
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is urgedi it isi^ecessaiy to refer to both the barometer 
and the steam-gauge. This double computation may 
be obviated by making one gauge serve both purposes. 
If the end c of the steam-gauge (fig. 38), instead of 
communicating with the atmosphere, were continued 
to the condenser, we should have the pressure of the 
steam acting upon the mercury in the tube b a, and 
the pressure of the uncondensed vapour which resists 
the piston acting on the mercury in the tube b c. 
Hence the difference of the levels of the mercury in 
the tubes will at once indicate the difference between 
the force of the steam and that of the uncondensed 
vapour, which is the effective force with which the 
piston is urged. 

(71.*) To secure the boiler from accidents arising 
from the steam becoming too strong, a safety valve 
is used, similar to those described in Papin's steam- 
engine (40), loaded with a weight equal to the 
strength which the steam is intended to have above 
the atmospheric pressure ; for it is found expedient, 
even in condensing engines, to use the steam of a 
pressure somewhat above that of the atmosphere. 

Besides this valve, another of the very opposite 
kind is sometimes used. Upon stopping the engine, 
and extinguishing the fire, it is found that the steam, 
condensed within the boiler, produces a vacuum ; so 
that the atmosphere, pressing on the external surface 
of the boiler, has a tendency to crush it. To prevent 
this, a safety valve is provided, which opens inwards, 
and which being forced open by the atmospheric 
pressure when a vacuum is produced within, the air 
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rushes in, and a balance is obtained between the pres** 
sures within and without.^ 

(72.) We have ahready explained the manner in 
which the governor regulates the supply of steam 
from the boiler to the cylinder, proportioning the 
quantity to the work to be done^and thereby sustaining 
an uniform motion. Since, then, the coTisumption of 
fiteam in the engine is subject to variation^ owing to 
the various quantities of work it may have to perform, 
it is evident that \he production of steam in the boiler 
should be subject to a proportional variation. For, 
otherwise, one of two effects would ensue : the boiler 
would either fail to supply the engine with steam, or 
steam would accumulate in the boiler, from being 
produced in too great abundance, and would escape 
at the safety valve, and thus be wasted. In order 
to vary the productions of steam in proportion to 
the demands of the engine, it is necessary to in- 
crease or mitigate the furnace, as production is to 
be augmented or diminished. To effect this by 
any attention on the part of the engine-man would 
be impossible; but a most ingenious method has 
been contrived, of making the boiler regulate itself in 
these respects. Let t (fig. 40.) be a tube inserted 
in the top of the boiler, and descending nearly to the 
bottom. The pressure of the steam on the sur&ce of 
tiie water in the boiler forces water up in the tube 
T, until the difference of the levels is equal to 
the difference between the pressure of steam in the 
boiler and that of the atmosphere. A weight f, half 
immersed in the water in the tube, is suspeAded by 



Digitized by VjOOQIC 



120 

-a chain .which passes over the wheels p f', arid is baf 
lanced by a metal plate d, in the same manner as th^ 
float in fig. 32. is balanced by the weight a. The 
plate D passes through the mouth of the flue £, als it 
issues finally from the boiler; so that when the plate 
D falls, it stops the flue, and thereby suspends the 
draught of air through the furnace, mitigates the 
fire, and diminishes the production of steam. If, on 
the contrary, the plate n be drawn up, the draught is 
increased, tiie fire rendered more effective, and the 
production of steam in the boiler stimulated. Now 
suppose that the boiler is producing steam faster than 
the engine consumes it, either because the load on 
the engine has been diminished, and therefore its 
consumption of steam proportionally .diminished, or 
because the fire has become too intense. The conse- 
quence is, that the steam beginning to accumulate, 
will press upon the surface of the water in the boiler 
with increased force, and the water will rise in the 
tube T. The weight f will therefore be lifted, and 
the plate d will descend,, stop the draught, mitigate 
the fire, and check the production of steam; aml^it 
will continue so to do, until the production of steam 
becomes exactly equal to the demands of the engine. . 
If, on the other hand, the production of steam be 
not equal to the wants of the machine, either be- 
cause of the encreased load, or the insufiiciency of 
the fire, the steam in the boiler losing its elasticity, 
the surface of the water rises, not sustaining a pres- 
sure sufficient to keep it at its wonted level. There^ 
fore, the surface in the tube t falls, and the weight 
F falls, aAd the plate d rises. The draught is thus 
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increased; by opening the flue^ and the fire rendered 
more intense ; and thus the production of steam is 
stimulated, until it is sufficiently rapid for the pur- 
poses of the engine. This apparatus is called the 
self-acting damper* 

(73.) It has been proposed to connect this damper 
with a safety-valve invented by the Chevalier Edel- 
crantz. A small brass cylinder is fixed to the boiler, 
and is fitted with a piston which moves in it, without 
much friction^ and nearly steam-tight. The cylinder 
is closed at top, having a hole through which the 
piston-rod plays ; so that the piston is thus prevented 
from being blown out of the cylinder by the steam. 
The side of the cylinder is pierced with small holes 
opening into the air, and placed at short distances 
above each other. Let the piston be loaded with a 
weight proportional to the pressure of the steam in- 
tended to be produced. When the steam has acquired 
a sufficient elasticity, the piston will be lifted^ and 
st^stm will escape through the first hole. If the pro- 
duction of steam be not too rapid^ and that its pres- 
sure be not increasing; the piston will remain sus- 
pended in this manner: but if it increase, the piston 
will be raised above the second hole, and it will con- 
tinue to rise until the escape of the steam through 
the holes is sufficient to render the weight of the pis- 
ton a counterpoise for the steam. This safety-valve 
is particularly well adapted to cases where steam of 
an exactly uniform pressure is required ; for the pres- 
sure must necessarily be always equal to the weight 
on the piston. Thus; suppose the section of the 
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piston be equal to a squure inch; if it be loaded 
with lOlba. including its oym weighty the steam which 
wiU sustain it in ^y position in the cylinder, whether 
near the bottom or top, must always be exactly equal 
in pressure to lOlbs. per inch. In this respect it re- 
sembles the'quality already explained in the governor, 
and renders the pressure of th^ steam uniform, exactly 
in the same manner as the governor rendan die ve« 
locity of the engine uniform. 

(74.) The economy of fuel depends, in a great de- 
gree, on the construction of the furnace^ independ- 
ently of the effects of the arrangements we have 
already described. 

The grate or fire-place of an ordinary furnace is 
placed under the boiler; and the atmospheric air 
passing through the ignited fuel, supplies sufficient 
oxygen to support a large volume of flame, which is 
carried by the draught into a flue which circulates 
twice or oftener round the boiler, and in immediate 
contact with it, and finally issues into the chimney. 
Through this flue the flame circulates, so as to act on 
every part of the boiler near which the flue passes ; 
and it is not until it passes into the chimney, and fre- 
quently not until it leaves the chimney that it ceases 
to exist in the state of flame. 

The dense black smoke which is observed to issue 
from the chimneys of furnaces is fcnrmed of a quan« 
tity of unconsumed fuel, and may be therefore con- 
sidered as so much fuel wasted. Besides this, in 
large manufacturing towns, where a great number of 
furnaces are employed, it is found that the quantity 



Digitized by VjOOQIC 



123 

of smoke which thos becomes difiused through th. 
atmosphere, renders it pernicious to the health, and 
destructive to the comforts of the infaaUtants. 

, These circumstances have directed the attention of 
engineers to the discovery of means whereby this 
smoke or wasted fiiel may be consumed for the use of 
the engine itsself, or for whatever use the furnace 
may be implied to. The most usual method of ac- 
comjdishing this, is by so arranging matters that fuel 
in a state of high combustion, and, therefore, pro- 
ducing no smoke, shall be always kept on that part 
of the grate which is nearest to the mouth oi the 
flue (and which we shall call the back); by this 
means the smoke which arises from the imperfectly 
ignited fuel which is nearer to the front of the grate 
must pass over the surface of the red fuel, before it 
enters the flue, and is thereby ignited, and passes in 
aBtate of flame into the flue. A passage called the 
feedmg-numth leads to the front of the grate, and both 
this passage and the grate are generally incUned at 
a small angle to the horizon in order to facilitate the 
advance of the fuel according as its combustion pro- 



When fredi fuel for feeding the boiler is first in- 
troduced, it is merely laid in the feeding mouth. 
Here it is exposed to the action of a part of the heat 
of the burning fuel on the grate, and undergoes, in 
some degree, the process of coking. The door of the 
feeding-mouth is furnished with small apertures for 
the admission of a stream of air, which carries t|ie 
smoke evolved by the coking of the fresh fuel, over 
the bunong fuel on the grate, by which this smoke is 
G 2 
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ignited; and becomes flame^ and in this state enters 
the flue, and circulates round the boiler. When the 
furnace is to be fed, the door of the feeding mouth is" 
opened, and the fuel which had been laid in it, and 
partially coked, is forced upon the front part of the 
grate. At first, its combustion being imperfect, but 
proceeding rapidly, a dense black smoke arises from 
it. The current of air from the open door through 
the feeding mouth, carries this over the vividly burn^ 
ingfuel, in the back^art of the grate, by which the 
smoke being ignited, passes in a state of flame into 
the flue. When the furnace again requires feeding, 
every part of this fuel will be in a state of active com- 
bustion, and it is forced to the back part of the grate 
next the flue, preparatory to the introduction of more 
fuel from the feeding mouth. 

The apertures in the door of the feeding-mouth 
are furnished with covers, so that the quantity of air 
admitted through them can be regulated by the 
workmen. The efficiency of these furnaces in a 
great degree depends on the judicious admission of 
the air through the feeding-mouth : for if less than 
the quantity necessary to support the combustion of 
the fuel be admitted, a part of the smoke will remain 
unconsumed, and if more than the proper quantity 
be admitted, it will defeat the effects of the fuel by 
cooling the boiler. If the process which we hav^ 
just described be considered, it will not be difficult 
to perceive the total impossibility in such a furnace, 
of exactly regulating the draught of air, so that too 
much shall not pass at one time, and too little at 
another. When the door is open to introduce fresh 
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fuel into the feeding-mouthy and advance that which 
occupied it upon the grate^ the workman ceases to 
have any controul whatever over the draught of air ; 
and even at other times when the door is closed, his 
discretion and attention cannot be depended on. 
The consequence is, that with these defects the pro- 
prietors of steam-engines found, that in the place of 
economising the fuel, the use of these furnaces en- 
tailed on them such on increased expense, that they 
were generally obliged to lay them aside. , 

(75.) Mr. Brunton of Birmingham having turned 
his attention to the subject, has produced a furnace 
which seems to be free from the objections against 
those we have just mentioned. The advantages of 
his contrivance, as stated by himself, are as follow : 

"First, I put the coal upon the grate by small 
quantities, and at very short intervals, say every two 
or three seconds : 2ndly, I so dispose of the coals 
]apon the grate, that the snioke evolved must pass 
over that part of the grate upon which the coal is in 
full combustion, and is thereby consumed ; Srdly, as 
the introduction of the coal is uniform in short 
spaces of time, the introduction of the air is also 
uniform, and requires no attention from the fireman. 

'* As it respects economy : 1st, the coal is put upon 
the fire by an apparatus driven by the engine, and 
80 contrived that the quantity of coal is proportioned 
to the quantity of work which the engine is perform* 
i^, and the quantity of air admitted to consume the 
9moke is regulated in the same manner ; 2ndly, the 
fire door is never opened, excepting to clean the fire; 
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the boiler of course is not exposed to that continual 
irregularity of temperature which is unadvoidable in 
the common furnace, and which is fdimd exceedingly 
injurious to boilers; 3rdly, the only attention re- 
quired is to fill the coal receiver, every two or three 
hours^ and clean the fire when necessary; 4thly, the 
coal is more completely consumed than by the com- 
mon furnace, as all the effect of what is termed 
stirring up the fire (by which no inconsiderable 
quantity of coal is passed into the ash-pit) is attained 
without moving the coal upon the grate.'* 

The fire-place is a circular grate placed on a ver- 
tical shaft in an horizontal position. It is capable of 
revolving, and is made to do so by the vertical shaft, 
which is turned by wheel-woA, which is worked by 
the engine itself; or this shaft or spindle may be 
turned by a water-wheel, on which a stream of water 
is allowed to flow firom a reservoir, into which it is 
pumped by the power of the engine ; and by regulat- 
ing the quantity of water in the stream, the grate 
may be made to revolve with a greater or lesser 
speed. In that part of the boiler which is over the 
grate, there is an aperture in which is placed a 
hopper, through which fuel is letdown upon the grate 
at the rate of any quantity per minute that may be 
required. The apparatus which admits the coals 
thi'ough this hopper is worked by the engine also, 
and, by the same means as the grate, is turned so 
that the grate revolves with a speed proportional to 
the rapidity with which the fuel is admitted through 
the hopper, and by this ingenious arrangement, the 
fuel falls equally thick upon Hie grate. 
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The fsapflLf of water w^h turns fhe wheel which 
works the grate ahd the maehtdery in the hopper, is 
regulated by" a code contoeeted with the self-regidating 
dasnper, so^ flisrt when the steam is being produced 
too faert; the s«ipply of watev will be dimimshed; and 
by that meatd the supply of fiiel to t^e grate will be 
diminished, and thi& grate wil) revdve tess^ rapidly 
and when the .ateasn i» being produced toa slowly for 
the demands of the engine^ the contravy effects take 
place. la this way the fuel which is introduced into 
the furwce.is. exactly proportioned to the work 
which the en^e has to pecform. The lM>pper may 
be made large enough to hold coals for a day's work, 
so that the furnace reqokes no other attendance than 
to deposit: coals in the hopper each morning. 

The coals are let down from the hopper on the 
grate at that part which is most remote from the 
flue, and as they descend in very small quantities at 
a timew they are almost immediately ignited. But 
until theif ignitioa. is ciMqplete, a smoke will arise, 
which, passing to the flue over the vividly burning 
fuel, will be ignited. Air is admitted through proper 
apertures, aad ifis qmaatity regulate by the damper 
in the same manner as Ibe soppl^ oS fuel. 

The superimty of this beau^ul ini»entkat over the 
common smoka-eoi»umibg fumaee^ is* very striking^ 
Its prindjde of sd#*acyiistment as to the supply of 
coahk and atmospheric air, and the psoportioning of 
these to the q[tiantity of woik to be performed by the 
et^nuyiiotonly independemi of human labor, but with 
agreater degree of accuracy than any human skill or 
attentioft covdd possibly effect, produces an extensive 
saving of expense, both in fuel and labor. 
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Mr. Partington states that the effect of the self- 
regulating furnace^ as compared with the conmu>n^ 
furnace^ has been ascertained by direct experiment at 
the Old Union Mill^ Birmingham^ and at the distillery 
of Messrs. Liptrap and Smith, Whitechapel, Londcoi*. 
The results of these experiments were as follow : 

At the Old Union Mill, nine day's experiment — 
Common furnace consumed. . • • 465 cwt. 
Regulating furnace • • • • • 290 cwt. 

Saving. ....... 176 cwt» 

At the Whitechapel distillery, eighteen days^ 
experiment — ' 
Common furnace consumed .... 284 cwt. 
Regulating furnace • • . • • 194 cwt. 

Saving 90 cwt. 

From which it appears that the saving in the first 
case is about 37 per cent, and in the seccmd but very 
little less. 

(76.) Mr. Oldham, engineer to the Bank of f reland, 
has proposed another modification of the self-regur 
lating furnace, which seems to possess several advan-^ 
tages, and evinces considerable ingenuity. 

He uses a slightly incUned grate, at the back or 
lower end of which is the flue, and at the front or 
higher end, the hopper for admitting the coals. In 
the bottom or narrow end of the hopper is a moveable 
shelf worked by the engine. Upon drawing back 
this shelf, a small quantity of fuel is allowed to de« 
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spend upon a fixed shelf under it ; and upon the re- 
turn of the moyeable she}f this fuel is protruded for- 
ward upon the grate. Every alternate bar. of the 
grate is fixed, but the intei;mediate ones are connect- 
ed with levers, by which they are moved alternately 
x^p and down.* The effSjct is, that the coals upon 
the bars are continually stiiTed^ and gradually ad- 
vanced by their own weight from the front of the 
grate where they fall from the hopper, to the back^ 
where they are deposited in the ash-pit. By the 
shape and construction of the bars^ the air is con- 
ducted upwards between them, and rushes through 
the burning fuel, so as to act, as Mr. Oldham states, 
in the manner of a blow-pipe, and the entire surface 
of the fire presents a sheet of flame. 

We cannot fail to be struck with the beauty of all 
these contrivances, by which the engine is made to 
regulate itself, and to supply its own wants. It is, in 
fact, all but alive. It was observed by Belidor, long 
before the steam-etgine reached the perfection which 
it has now acquired, that it strongly resembled an 
animal, and that no mere work of man ever approach- 
ed so near to actual life. Heat is the principle of its 
existence. The boiler acts the part of the heart from 
which its vivifying fluid rushes copiously through all 
the tubes, where having discharged the various func- 

, * Mr. Brunton used moveable ban in a furnace constructed 
by bim before be adopted the borizontal revolving grate, l^t 
plan, bowever, does not appear to bave been as successful 
as tbe latter, as be bas abandoned it Mr. Oldham states that 
his famace has been in use for three years without any ap- 
pearance of derangement in tbe mechanism, and with a con-t 
iiderable saving of fuel. 

g5 
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tions of Hfe, and deposited its heat in the proper 
places, returns again to the source it sprung from, 
to be duly prepared for another circulation. The 
healthfulness of its action is indicated by the regu- 
larity of its pulsations ; it procuies its own food by its 
own labor ; it selects those parts which are fit for its 
support, both as to quantity and quality, and has its 
natural evacuations, by which all the useless and un- 
nutritious parts are discharged. It frequentiy cures 
its own diseases, and corrects the irregularity of its 
own actions, exerting something like physical and 
moral faculties. Without designing to carry on the 
analogy, Mr. Farey, in speaking of the variations in- 
cident to the work performed by different steam-en- 
gines, states some further particulars in which it may 
be curiously extended. "We must observe," says 
he, " that the variation in the performance of different 
steam-engines, which are constructed on the same 
principle, working under the same advantages, is the 
same as would be found in the produce of the labor 
of so many different horses or other animals when 
compared with their consumption of food; for the 
effect!^ of different steam-engines will vary as much 
from small differences in the proportion of their parts, 
as the strength of animals from the vigor of their con- 
stitutions; and again there will be as great differ- 
ences in the performance of the same engine when in 
good and bad order, from all the parts being tight and 
well oiled, so as to move with littie friction, ^as there 
is in the labor of an animal from his being in ^xxl 
or bad health or excessively fatigued ; but in allHiese 
cases there will be a maximum which cannot be exceed- 
ed, and an average which we ought to expect to obtain/' 



Digitized by VjOOQIC 



131 



LECTURE IX. 



Double Cylinder Engines — Hornblower's Engine — Woolfs 
Engine — Cartwright's Engine. 



(77.) The expansive property of steam, of which 
Watt availed himself in his single engine by cutting 
off the supply of steam before the descent of the 
piston was completed, was applied in a peculiar 
manner by an engineer named Homblower, about the 
year 1781, and at a later period by Woolf. Horn- 
blower was the first who conceived the idea of work- 
ing an engine with two cylinders of different sizes^ 
by allowing the steam to flow freely from the boiler 
until it fins the smaller cylinder, and then permit- 
ting it to expand into the greater one, employing it 
thus to press down two pistons in the manner which 
we shdl presently describe. The condensing appa- 
ratus of Homblower, as well as the other appendagies 
of the engine, do not differ materially from those dP 
Watt; so that it will be sufficient far our present 
puTpose, to explain the mannet in which the steam is 
made to act in movii^ the piston. 

Let c, fig. 41, be the centre of the great working 
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beam carrying two arch heads, on which the chains 
of the piston rods play. The distances of these arch 
heads from the centre c must be in the same propor- 
tion as the length of the cylinders^ in order that the 
same play of the beam may correspond to the plays 
of both pistons. Let f be the steam-pipe from the 
boiler, and g be a valve to admit the steam above the 
lesser piston, h is a tube by which a communica- 
tion may be opened by the valve i between the top 
and bottom of the lesser cylinder b. k is a tu^be com- 
municating by the valve l between the bottom of the 
lesser cylinder b, and the top of the greater cylinder 
A. M is a tube communicating by the valve n be- 
tween the top and bottom of the greater cylinder a ; 
and p a tube leading to the condenser by the ex- 
hausting valve o. 

At the commencement of the operation, suppose 
all the valves opened, and steam allowed to flow 
through the entire engine until the air be completely 
expelled, and then let all the valves be closed. To 
start the engine, let the exhausting valve o, and the 
steam valves f and l be opened as in fig. 41. The 
steam will flow freely from the boiler, and press upon 
the lesser piston, and at the same time the steam 
below the greater piston will flow into the condenser, 
leaving a vacuum in the greater cylinder. The valve 
L being opened, the steam which is under the piston 
in. the lesser cylinder will flow through k, and press 
on the greater piston, which having a vacuum beneath 
it, will consequently descend. At the commence- 
ment of the motion^ the lesser piston is as much re- 
sisted by the stesun below it, as it is . urged by the 
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fi^am above it ; but after a part of the descent haa 
been e£fected, the steam below the lesser piston pass- 
ing into the greater, expands into an increased space, 
and therefore loses its elastic force proportionally. 
The steam above the lesser piston retaining its fiUl 
force by having a free communication with the boiler 
by the valve g, the lesser piston will be urged by a 
force equal to the excess of the pressure of this 
steam above the diminished pressure of the expanded 
steam below it. As the pistons descend, the steam 
which is between them is continually increasing in 
its bulk, and therefore decreasing in its pressure, 
from whence it follows that the force which resists 
the lesser piston is continually decreasing, while that 
which presses it down remains the same, and there- 
fore the effective force which impels it, must be con- 
tinually increasing. 

On the other hand, the force which urges the 
greater piston is continually decreasing, since there 
is a vacuum below it, and the steam which presses it 
is continually expanding into an increased bulk. . 

Impelled in this way, let us suppose the pistons to 
have arrived at the bottoms of the cylinders as in 
fig. 42, and let the valves f, l and o, be closed, and 
the valves i and N opened. No steam is allowed to 
fiow from the boiler f being closed, nor any allowed 
to pass into the condenser, since o is closed and all 
communication between the cylinders is stopped by 
closing L. By opening the valve i, a free communi- 
cation is made between the top and bottom of the 
lesser {Hston through the tube h, so that the steam 
which presses above the lesser piston will exert the 
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same pressure below it, and the pistoa is in a state of 
inditfejrence. In the same manner the valve n being 
open, a free communication is made between the top 
and bottom of the greater piston, and the steam cir« 
cnlates above and below the piston, and leaves it free 
to rise. A counterpoise attached to the pump-rods 
in this case, draws up the piston as in Watt*s tingle 
engine. And when they arrive at the top, the valves 
r and n are closed and f, l and o opened, and the 
next descent of the pistons is produced in the manner 
already described, and so the process is continued. 

The valves are worked by the engine itself, by 
means similar to some of those already described. By 
computation, we find the power of this engine to be 
nearly the same as a similar engine on Watt's expan- 
sive principle. It does not however appear, that any 
adequate advantage was to be gained by this modifi- 
cation of the principle, since no engines of this con- 
struction are now made. 

(78.) The use of two cylinders was revived by 
Arthur Woolf, in 1804, who, in this and the succeed- 
ing year, obtained patents for the application of steam 
raised under an high pressure to double cylinder en- 
gines. The specification of his patent states, that he 
has proved by experiment, that steam raised under a 
safety-valve loaded with any given number of pounds 
upon the square inch, wiB if allowed to expand into 
as many times its bulk as there are pounds of pres- 
sure on the square inch, have a pressure equal to that 
of the atmosphere. Thus, if the safety-valve be load- 
ed with four pounds> on the square inch, th& steam. 
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after expanding into four times its bulk, will hare the 
atmospheric pressure. If it be loaded with 5, 6, or 
10 lbs. on the square inch, it will haTe the atmo* 
spkenc pressure when it has expanded into 5^ 6, or 10 
times its bulk, and so on. It is, however, understood 
in this case, that the vessel into which it is thus 
allowed to expand, must have the same temperature 
as the steam before it expands. 

Mr. Woolfs method of avaihng himself of the fact^ 
which he thus alleges himself to have discovered, id as 
follows : 

Two cylinders are provided : a larger, a, (fig. 43); 
and a smaller^ b, such, that a shall be as many times 
larger than b, as there are pounds weight avoirdu- 
poise placed upon the safety-valve. Valves c c' are 
placed at each end of the lesser cylinder, in tubes, 
communicating with the boiler, so as to admit steain 
on each side of the lesser piston, and cut it off at 
pleasure. A tube, i/, forms a communication be- 
tween the upper end of the lesser, and lower end of 
the greater cylinder, and which communication is 
opened and closed at pleasure by the valve e'. In 
like manner, the tube d forms a communication be- 
tween the lower end of the lesser cyhnder, and the 
upper end of the greater, which may be opened and 
closed by the valve e. The top and bottom of the 
greater cylinder communicate with the Condenser by 
Valves ¥ F. 

Let us suppose that the air is blown from the en- 
gine in the usual way, and all the valves closed, and 
the engine ready to start, the pistons being at the top 
of the cylinders. Open the valves c, e and f. The 
steam which occupies the greater cylinder below the 
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piston; will now pass into the condenser through f^ 
leaving a vacuum below the piston. The steam 
which is in the lesser cylinder below the piston will 
pass through d and the open valve e, and will press 
down the greater piston. The steam from the boiler 
will flow in at c^ and press on the lesser piston. At 
first the whole motion will proceed from the pressure 
upon the greater piston^ since the steam both above 
^nd below the lesser piston/ has the same pressure. 
But as the pistons descend^ the steam below the less 
passing into the greater cylinder^ expands . into a 
greater space, and consequently exerts a diminished 
pressure, and, therefore, the steam on the other sido 
exerting an undiminished pressure, acquires an im^ 
pelling force exactly equal to the pressure lost in the 
expansion of the steam between the two pistons* 
Thus both pistons will be pressed to the bottoms of 
their respective cylinders. It will be observed tljiat; 
in the descent the greater piston is urged by a con-- 
tinual decreasing force, while the lesser is urged by 
continually increasing force. 

Upon the arrival of the pistons at the bottoms of the 
cylinders, let the valves c, e, f be closed, and c', e', 
f' be opened, as in fig. 44. The steam which is above 
the greater piston now flows through f' into the con- 
denser, leaving the space above the piston a vacuum. 
The steam which is above the lesser piston passes 
through e' and p' below the greater, while steam 
from the boiler is admitted through c' below the lesser 
piston. The pressure of the steam entering through 
;e' below the greater piston, pressing on it against the 
vacuum above it, commences the ascent. In the 
mea^ time the steam above the lesser piston passing 
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iirto jflie enlarged space of the greater cylinder, loses 
gradually its elastic force, so that the steam entering, 
from the boiler at c' becomes in jpart effective, and the 
ascent is completed under exactly the same circum-. 
stances, as the descent, and in this way the process is. 
continued. 

. It IS evident that the valves may be easily worked 
by the mechanism of the engine itself. 

In this arrangement the pistons ascend and descend 
together, and their rods must consequently be attached 
to the beam at the same side of the centre. It is 
sometimes desirable that they should act on different 
sides of the centre of the beam, and consequently 
. that one should ascend while the other descends. It 
is easy to arrange the valves so as to effect this. In 
fig. 46, the lesser piston is at the bottom of the cy- 
linder, and the gteater at the top. On opening the 
valves c/ e' f', a vacuum is produced below the 
greater piston, and steam flows from the lessor cylin- 
der through e' above the greater piston, and presses 
it down. At the seune time steam being admitted 
from the boiler through c' below the lesser piston, 
forces it up against the diminishing force of the steam 
above it, which expands into the greater cylinder. 
Thus as the greater piston descends the lesser as- 
cends. When each has traversed its c^inder, the 
yalves c', e', f' being closed and c, e, f opened, the 
lei^ser piston will descend, and the greater ascend, 
and so on. 

Woolfs engine diffei-s from that of Homblower in 
using steam of an high pressure, and in being a 
double-acting engine. It is stated by Mr. Farey that 
jBome of these engines, which have been erected in 
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Cornwall, perform with an evident saving of fuel. It 
does not, however, appear that they have to any ex- 
tent superseded the steam-engines of Watt. There 
are some peculiarities in the boiler used by Woolf f<nr 
generating steam of the high pressure required for his' 
engines, but these engines are not in sufficiently ge- 
neral use to induce us to enter further upon the sub- 
ject here. 

(79.) In 1797 a patent was granted to the Rev. 
Mr. Cctrtwrightf a gentleman well known for other 
mechanical inventions, for some improvements in the 
steam-engine. His contrivance is at once so elegant 
and simple, that although it has not obtained very 
general use, yet we cannot here pass it over without 
notice. 

The steam-pipe from the boiler is represented cut 
off at B (fig. 46); t is a spindle-valve for admittmg 
steam above the piston, and r i^ a spindle-valve in 
the piston ; d is a cmnred pipe forming a communica^ 
tion between the cylinder and the condenser, which 
is of very peculiar construi^tion. Cartwright pro- 
posed efiecting the condensation without a jet, by ex- 
posing the steam to ccmtact with a very large quan- 
tity of cold surface. For this purpose, he formed his 
condenser, by placing two cylinders nearly equal in 
size, one within the other, aUowing the water of the 
cold cistern in which they were pieced to flow through 
the inner cylinder, and to surround the onteir one^ 
Thus the thin space between the two cylinders formed 
the condenser. 

The air-pump re placed immediately under the cy^ 
Under, and the continuation of the piston^x)d works 
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its piston^ which is solid and without a vdve : Hs the 
pipe from the condenser to the air-pump^ through 
which the condensed steam is drawn off through the 
valre 6 on the ascent of the piston^ and on the descent, 
this is forced through a tube into a hot well^ h, for 
the purpose of feeding the boiler through the feed- 
pipe I. In the top of the hot well h is a valve which 
opens inwards, and is kept closed by a ball floating 
on the si^rface of the liquid. The pressure of the 
condensed air above the surface of the liquid in h 
forces it through i into the boiler. When the air ac- 
cumulates in too great a degree in h, the surface of 
the liquid is pressed so low that the ball falls and 
opens the valve, and allows it to escape. The air in 
H is that which is pumped from the condenser with 
the liquid, and which was disengaged from it. 

Let us suppose the piston at the top of the cylin- 
der ; it strikes the tail of the valve t, and raises it, 
while the stem of the piston-valve r strikes the top 
of the cylinder, and is pressed into its seat. A free 
communication is at the same time open between the 
cylinder, below the piston and the condenser, through 
the tube n. The pressure of the steam thus admit- 
ted above the piston, acting against the vacuum be- 
low it, will cause its descent. On arriving at the 
bottom of the cylinder, the tail of the piston-valve k 
will strike the bottom, and it will be lifted from its 
seat, so that a communication will be opened through 
it with the condenser. At the same moment, a {»*o-- 
jecting spring, k, attached to the piston-rod, strikes 
the stem of the steam-valve t,^ and presses it into its 
seat. Thus, while the further admission of steam is 
cut off, the steam above the piston flows into the con 
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denser^ and the piston being relieved from all pres- 
sure, is drawn up by the momentum of the fly-wheeU 
which continues the motion it received from the de- 
scending force. On the arrival of the piston again at. 
the top of the cylinder^ the valve t is opened and b. 
closed^ and the piston descends as before, and so the 
process is continued. 

The mechanism by which motion is communicated 
from the piston to the fly-wheel is peculiarly elegant. 
On die axis of the fly-wheel is a small wheel with 
teeth, which work in the teeth of another larger 
wheel L. This wheel is turned by a crank, which is 
worked by a cross-piece attached to the end of the 
piston-rod. Another equal toothed wheel m, is turned 
by a cranky which is worked by the other end of the 
cross-arm attached to the piston-rod. 

One of the peculiarities of this engine, is, that the 
liquid which is used for the production of steam in 
the boiler circulates through the machine without 
either diminution or admixture with any other fluid, 
so that the boiler never wants more feeding than what 
can be supplied from the hot-well h. This circum- 
stance forms a most important feature in the machine, 
as it allows of ardent spirits being used in the boiler 
instead of water, which since they boil at low heats, 
promised a saving of half the fuel. The inventor 
even proposed, that the engine should be used as a 
still, as well as a mechanical power, in which case, 
the whole of the friel would be saved. 

In this engine, the ordinary method of rendering 
the piston steam-tight, by oil or melted wax, or tallow 
i)oured upon it, could not be applied, since the steam 
above the piston must always have a free passage 
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through the piston-valye b. The ingenious inventor 
therefore contrived a method of making the piston 
steam-tight in the cylinder^ without oil or stuffing, 
and his method has since been adopted with success 
in Woolf 's engines. 

A ring of metal is ground into the cylinder, so as 
to fit it perfectly, and is then cut into four equal seg- 
ments. The inner surface of this ring being slightly 
conical, another ring is ground into it, so as to fit it 
perfectly, and this is also cut into four segments, and 
one is placed within the other, but in such a manner, 
that the joints or divisions do not coincide. The ar- 
rangement of the two rings is represented in fig. 47. 
Within the inner ring are placed four springs which 
press the pieces outward agsiinst the sides of the cy- 
linder, and are represented in the diagram. Four pairs 
of these rings are pkced one over another, so that 
their joints do not coincide, and the whole is screwed 
together by plates placed at top and bottom. A ver- 
tical section of the piston is given in fig. 48. 

One of the advantages of this piston is, that the 
longer it is worked, the more accurately it fits the 
cylinder, so that, as the machine wears it improves. 
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LECTURE X, 



High pressure Engines — Leupold's — Trevithick and Vivian's 
— LocomotiTe Application of them — Perkin's Experiments. 



(80.) In the various modificatioiis of the steaxo* 
engine which we have hitherto considered, the pres- 
sure introduced on one side of the piston derives its 
efficacy either wholly or partially from the vacuum 
produi^ by condensation on the other side. This 
always requires a condensing apparatus, and a con- 
stant and abundant supply of cold water. An engine 
of this kind must, therefore, necessarily have ccmsi- 
derable dimensions and weight, and is inapplicabte to 
uses in which a small and light machine only is ad- 
missible. If the condensing apparatus be dispensed 
with, the pist(m will always be resisted by a force 
equal to the atmospheric pressure, and the only part 
of the steam pressure which will be available as a 
moving power, is that part by which it exceeds the 
atmospheric pressure. Hence, in engines, which do 
not work by condensation, steam of a much higher 
pressure than that of the atmosphere is indispensably 
necessary, and such engines are therefore called high 
presmre engines. 

We are not, however, to understand that every 
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^team-engine, in which steam is used of a pressure 
exceeding that of the atmosphere, is what is intended 
to be meant by an high pressure engine; for in the ch^ 
dinary engines in common use, constructed on Watt's 
principle, the safety-valye is loaded with from 3 to 5 
lbs. on the squariB inch ; and in WoolTs engines, the 
steam is produced under a pressure of 40 lbs. on the 
square inch. These would therefore be more properly 
called condensing-engines than low pressure engines^ a 
tain utterly inapplicable to those of Woolf. In fact, 
by high pressure engines is meant engines in which no 
vacuum is produced, and therefore, in which the pis- 
ton works against a pressure equal to that of the 
atmosphere. 

In these en^es> the whole of the condensing ap- 
paratus, viz. the cold water cistern, condenser, air- 
pump, cold water pump, &c. are dispense with, and 
nothing is retained except the boiler, cylinder, piston, 
and valves. Consequently, such an engine is small, 
light, and cheap. It is portable also, and may be 
moved, if necessary, along with its load, and is there- 
fore well adapted to locomotive purposes. 

High pressure engines were one of the earliest 
modifications (^ the steam engine* The contrivance, 
which is obscurely described in the article ahready 
quoted,- (23) from the Century of Inventions, is an 
high-pressure engine ; for the power there alluded to, 
is the elastic force of steam operating against the 
atmospheric pressure. Newcomen, in 1706, applied 
the working-beam, cylinder, and piston to the atmo- 
spheric engine^ and Leupold, about 1720, Combined 
the working-beam and cylinder with the high pre»- 
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sure principle of Lord Worcester, and produced the 
earliest high-pressure engine worked by a cylinder 
and piston. The following is a description of Leu- 
pokPs engine : 

A ("fig. 49.) is the boiler^ with the furnace beneath 
it; c\ are two cylinders with solid pistons p p'^ 
connected with the working-beams b b', to which are 
attached the pump-rods r r' of two forcing-pumps 
F /, which communicate with a great force-pipe s ; 
G is B.four^ay cock (66) already described. In the 
position in which it stands in the figure, the steam is 
issuing from below the piston p into the atmosphere, 
and the piston is descending by its own weight ; steam 
from the boiler is at the same time pressing up the 
piston ¥% with a force equal to the difference be- 
tween the pressure of the steam, and that of the 
atmosphere. Thus the piston r of the forcing-pump 
is being drawn up, and the piston p' is forcing the 
piston r' down, and thereby forcing water into the 
force-pipe s. On the arrival of the piston p at the 
bottom of the cylinder c, and p' at the top of the 
Cylinder c\ the position of the cock is changed to 
that represented in fig. 50. The steam which has 
ist pressed up the piston p', is allowed to escape into 
e atmosphere, while the steam passing from the 
|:)oiler below the piston p presses it up, and thus p 
Hscends by the steam pressure, and p' descends by its 
own weight By these means, the piston r is forced 
flown, driving before it the water in the pump-cylin- 
der into the force-pipe s, and the piston r' is drawn 
jup to allow the other pump-cylinder to be re-filled; 
and so the process is continued. 
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A valve is placed in- the bottom of the force-pipes, 
to prevent the return of the water which has been 
forced into it. 

(81.) In modem times the application of steam to 
land carriage has again directed the attention of enr 
gineers to the construction c^ high-pressure engines. 
In 1802, Messrs. Trevithick and Vivian constructed a 
double acting high-pressure engine^ remarkable for 
its elegance and ingenuity, and at once portable and 
effective. " These engines," says Mr. Stuart, ** are 
equally well adapted to every use to which those of 
Mr. Watt are at present exclusively applied, and 
with the most ordinary precaution they may be made 
as safe from accident as those called in contradistinc- 
tion, low-pressure; indeed, notwithstanding their 
recent invention, the consequent want of experience 
in their management, and the' (^ration df vulg^ 
and absurd prejudices against their safety, they may 
now be considered the only formidable rivals to the 
condensing engine." 

The boiler of this engine is a large cylinder of iron, 
a section of which by a plane through its axis is repre- 
sented in fig. 5 1 , A B. The fire is contained within the 
boiler in a cylindrical tube c n, which is surrounded 
on all sides with water. One side of this tube is 
fianched to the end or cover of the boiler, and is 
divided into two parts by the grate which extends 
across it. The upper half forms the fire-j*ice and 
the lower half the ash-pit. The tube then forms the 
flue which extends, from the end c, where the grate is 
placed to the other end n, and then returns alcmg n E 

H 
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and issues intd the chimney at E. The flame is thu9 
conducted through the water, so as to expose it to as 
much heat as possible. 

The cylinder f is placed within the boiler, except a 
few inches at the upper end, where the four-way cock 
is placed for admitting and withdrawing the steam : 
H is a tube for conductuig the steam which has 
worked the pbton into the chimney. The upper end 
of the piston rod is connected with a cross bar, which 
is placed in a direction at right angles to the length 
of the boiler, and this bar is guided in its motion by 
sliding on two perpendicular iron rods, fixed to the 
boiler and parallel to each other. To the ends of 
this cross bar two connecting rods are jointed, the 
lower ends of which work two cranks fixed upon 
an axis extending across beneath the boiler and 
under the centre of the cylinder.* This axis is sup- 
ported in bearings made in the legs which support 
the boiler, and on it the fly-wheel is fixed. A large 
cog-wheel is placed upon this axis, which, being 
turned with the axis by the cranks, communi- 
cates motion to other cog-wheels, and through 
them to any machinery which the engine is applied 
to move. 

As the cock g stands in fig. 51, the steam is pass- 
ing from the boiler aboVe the piston, and steam is 
also passing from below the piston through the tube h 
into the chimney. The steam therefore which passes 
above the piston presses it down. When the piston 
has arrived at the bottom of the cylinder the cock 
assumes the position represented in fig. 52, so that 
the steam now passes from above the piston through 
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the tube h into the chimney, while steam also passes 
from the boiler below the piston, and the piston 
ascends, and so the process is continued. The four- 
W3.y cock is worked by the engine itself. 

It is evident, both in ascending and descending, 
that the piston cannot be moved unless the steam in- 
troduced from the boiler be of greater pressure than 
the atmosphere, and that it will only work with a 
force equal to the excess of the pressure of the steam 
above that of the atmosphere. 
. A safety valve is placed on the boiler, loaded with 
a weight proportionate to the strength of the steam 
which it is proposed to work with. This valve is 
frequently loaded with from 60 to 80 lbs. on the 
square inch. As the boilers of high-pressure engines 
are more liable to accidents from bursting than those 
in which steam of a lower pressure is used, several 
precautions have been taken against accidents of this 
land. A second safety valve is usually provided, 
which is not left in the power of the engine-man ; so 
that by this means he has the power to diminish the 
pressure under which steam is generated, but he can- 
not increase it. It sometimes happens that the water 
in the boiler is consumed faster than it is replenished, 
in which case the level will fall until the boiler 
becomes nearly exhausted. To guard against acci- 
dents arising from this circumstance, a hole is bored 
in the boiler at a certain depth, and a plug of metal 
soldered into it with lead, or some other metal which 
will fuse at a temperature which would give the 
steam a dangerous elastip forpe, so diat the plug 
would in that case drop out and make a v^iit for the 
H 2 
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gt6am. The mercurial steam-gauge, already describect5 
is also used as an additicmal security against the 
bursting of the boiler, because the mercury will be 
blown out of the tube, and permit the steam to 
escape when the pressure is too great. 

The water by which the boiler is replenished is forced 
in by a forcing-pump, worked by the engine itself. In 
order toeccmomise the heat, this water is passed along 
a tube which encloses within it the pipe h, which car- 
ries o£Pthe steam which has worked the piston, so that 
this steam on its exit from the engine imparts a con- 
siderable portion of its heat to the water which is 
passing into the boiler to replace the waste occasioned 
by the evaporation which produced that very steam 
itself. 

When high-pressure engines are applied to land-' 
carriage, the cranks which are worked by the piston 
conununicate motion to the two forewheels on which 
the engine runs, and by this means the alternate 
ascent and descent of the piston is made to turn the 
wheels and thereby propel the carriage. The momen-^ 
turn of the carriage, or its tendency to continue the. 
motion which it has once received, in this case super- 
sedes the use of a fly-wheeL In some cases a diffi- 
culty was found in giving motion to the carriage, 
owing to the wheels not taking sufficient hold upon 
the railway on which the carriage ran, and therefore 
turning without advancing. To remedy tliis, railways 
with cogs or teeth corresponding to those of the 
wheels were used. The cogged railways have also 
be«) superseded in some instances by common rails. 
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by giving six wheels to the carriage instead of £>ur^ 
so as to increase the friction, and distribute the 
pressure equally on them. 

In 1804?, Mr. Trevithick made a locomotive engine 
which was worked on railways at Merthyr Tydvil, in 
South Wales. It drew after it upon the rail-road as 
many carriages as conveyed ten tons of bar iron for a 
distance of nine miles, and it performed that distance 
without any further supply of water than what the 
boiler was supplied with at its departure, and tra- 
velled at the rate of five miles an hour. 

(82.) Much public attention has been of late years 
attracted by the experiments of Mr. Perkins on 
steam of an unusualty high degree of elasticity. 
Although it does not appear that he has yet succeed* 
ed to any great extent in reducing his designs to use- 
ful practical purposes, yet they evince such boldness 
and originality of conception, that we should not be 
justified in passing them without particular notice 
here. 

The boilers o£ the steam-en^es hitherto used 
serve two purposes, namely, vessels for heating the 
water prq)aratorjr to the production of steam, and 
magazines of the steam so produced for the purpose 
of working the engine. It occurred to Mr. Perkins, 
that the latter purpose might be dispensed with, 
and that great advantage would thus be gained 
by being enabled to reduce very considerably the di- 
mensions of the boiler, to produce much more power- 
fuX vapour and to diminish in a very high ratio the 
H 3 
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constinlption of fuel. To ^ect this, instead of hav- 
ing a reservoir or store of accumulated steam ready 
prepared for the engine, he proposed to generate the 
steam only as it was required, and to permit no part 
of the water in the boiler to be converted into steam, 
except just what was necessary to press the piston at 
each stroke. 

It had been long known that the vaporization of a' 
liquid could be resisted by mechanical pressure, and 
that, if so resisted, the liquid would be susceptible of 
receiving any temperature and yet retaining its Uquid 
form. It was also known that upon the removal of 
this pressure the production of steam of an elastic 
force proportionate to the pressure would be the 
inevitable consequence. Mr. Perkins availed himself 
of these facts to carry into eflFect the design we have 
thuis mentioned. He constructed a cylindrical ves- 
sel of copper, three inches thick, containing about 
eight gallons, and capable of bearing an internal 
pressure of 4000 lbs. on the square inch. An aper- 
ture in the end of this vessel opened into the steam- 
pipe by a valve loaded with thirty-five times the 
pressure of the atmosphere, and a safety-valve 
was placed on another aperture, loaded with thirty- 
seven times the atmospheric pressin-e. At another 
aperture a pipe was introduced into this vessel 
which communicated with a forcing-pump, by the 
action of which water could be forced into it This 
cylindrical vessel, which was called a generator, was 
completely filled with water, and was placed ver- 
tically in a furnace. The fuel in this fiimace was 
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kept in vivid combustion by forcing air through it 
with bellows, a method found to be much more effec- 
tual than the ordinary draught 

The water in the generator not being permitted to 
expand into vapour, had its temperature raised to 
three, four, or five hundred degrees of the common 
thermometer. When this was effected a small quan- 
tity of water was forced in by means of the forcing 
pump, and, since water is an incompressible fluid, 
an equal quantity was necessarily forced out at the 
valve loaded with the lesser weight. This water 
issuing from the generator into the steam-pipe, in- 
stantly expanded, or Jlashed (as he called it) into 
steam of an enormous pressm'e, and was thus con- 
ducted to the piston, wWch was worked by it in the 
ordinary manner of a double-acting engine on Watf s 
principle, condensation being effected on one side, 
while the steam pressure was introduced on the 
other. 

The vapour which remained uncondensed he esti- 
mated at five times the atmospheric pressure; while 
the steam produced by the water issuing from the 
generator, and pressing the piston on the other side, 
was equal to thirty-five times the atmospheric pres- 
sure; so that an effective impelling force was thus 
obtained equal to thirty times the pressure of the 
atmosphere, or 450 lbs. on the square inch. 

The steam condensed under a pressure of five 

times that of the atmosphere, had a temperature of 

550 de^ees of the common thermometer, and at this 

temperature was forced into the generator by the 
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forcing pump, to be again circulated through the 
machine ; thus saving a large quantity of the heat in 
the same manner as die hot water pump and feed 
pipe in Watt*s engine* 

The precautions used to prevent accid^its fix>m the 
high pressure to which the apparatus was subject, 
seem to have been sufficient to give every reasonable 
assurance of its safety. Besides that the apparatus 
kself was constructed to bear about 260 times the 
atmospheric pressure, there was, as already mentioned, 
a safety-valve loaded with 37 atmospheres. In addi- 
tion to this, a tube entered the generator, teniii- 
nating in a copper ball, which bore with a pressure 
of 1000 lbs. upon the square inch, being a pressure 
equal to about 66 times that of the atmosphere. 
Another tube communicated with an indicator, an 
instrument which shews the strength of the pressure 
by means <^ a spiral spring, similar to the common 
ouncel. 

It has been thought that the bursting of the boiler 
or of any part of the apparatus, containing water of 
such an extraordinary temperature, would be attended 
with considerable danger. This, however, Mr. Perkins 
states to be a mistake ; for in case of such an accident 
the water would flow out so fast, that it would not 
receive the quantity of additional heat necessary to 
convert it into steam, and that the consequence would 
be, that a very small portion would assume the va^ 
porous form ; and the remainder, retaining its liquid** 
ity, would extinguish the fire. In case of the 
copper ball above mentioned bursting, it would tear 
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like paper, without any explosion or occasioning any 
injury, Mr. Perkins has frequently caused it to 
burst for the purpose of proving diis. 

An engine constructed according to the plan sug- 
gested by Mr. Perkins requires only one tenth of 
the quantity of water requisite in the boiler of an 
ordinary steam-engine. By this means the danger 
of the bursting of the boiler is still further diminish- 
ed, for the small vessel required in such an en- 
gine can always be constructed of sufficient strength. 
The engine first constructed by Mr. Perkins was one 
of ten-horse power, the cylinder being only two inches 
diameter, and eighteen inches in length. It con- 
sumed two bushels of coals daily, and occupied a 
space of six feet by eight. He considered that, with 
the exception of the piston and cylinder, the appara^ 
tus had sufficient size and strength for three times 
the power. 

He further proposed applying his generators to the 
b<»lers of common steam-engines, and thereby super- 
seding the present furnaces. To effect this, he pro- 
posed conducting the steam of high pressure from his 
generator into the common boiler, and thus heating 
the water in it By such a method he considered 
that nine tenths of the fuel at present used would be 
saved. 

The patent for these improvements was granted to 
Mr. Perkins so long ago as the year 1 823, and he has 
not yet been able to convince the public of the reality 
of the advantages which he proposes ; and neither 
his steam-engines, nor his application of the genera- 
tor to the boUers of other engines, have been brought, 
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to any extent, into use. Nevertheless, we should not 
hastily condemn the project, nor pronounce upon its 
impracticability. The difficulties which Watt had to 
encounter in bringing into use his steam-engines 
should not be forgotten, and should teach us caution 
and moderation in deciding upon the claims of others. 

Mr. Perkins has attempted, and not without some 
success, to apply the powers of steam as a substitute 
for those of gunpowder. His manner of effecting this 
does not differ materially in its detail &om the air-» 
^n, only that instead of a magazine of condensed air, 
he uses a generator, containing water heated to such 
a temperature, as, when relieved from pressure, it 
flashes into steam of prodigious elasticity. Balls are 
admitted from a hopper into a gun-barrel near the 
breech, and at the breech a stream of highly elastic 
steam enters, and blows the ball out of the barrel. 
The effects of these projectiles are related to be fully 
equal to those of gunpowder similarly applied, and 
besides, they possess the advantage of being capable 
of being discharged from the same barrel in uninter- 
rupted succession, and for any length of time. 

Upon the whole, the practical difficulty which 
seems to attend the use of steam in the manner pro- 
posed by Mr. Perkins, is the maintaining of the power, 
by keeping a sufficient quantity of water at the un- 
usually high temperature which is requisite for his 
purposes. Of the actual existence or possibility of 
obtaining the power there can be no doubt ; but un- 
less that power can be sustained, it will avail but 
little, considered as a mechanical agent. 
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LECTURE XL 



Steam Navigation — Paddle Wheels — Mr. Oldham's New 
Paddle Wheels — Horses' Power. 



(83.) One of the most interesting and important 
uses of the steam-engine is its application to nauti-^ 
cal purposes^ There are various ways in which this 
machine may be used in propelling a vessel through 
the deep ; but that which is now universally adopted, 
[ is by giving, through its means, rotation to paddle- 
wheels placed at the side of the vessel. The engine 
is placed in the centre of the vessel, between the 
wheels ; and the ascent and descent of the piston is 
applied to work a crank, by means of which the 
wheels are turned, and the vessel is propelled by the 
action of the paddle-boards on the water. 

The engine works the crank through the interven- 
tion of a beam, in the manner we have already 
described. In the earlier nautical engines a fly-wheel 
was used, by the momentum of which the paddle- 
wheels were turned, when the crank was in that po- 
sition in which the engine lost its power over it {60) ; 
but those of a later period have commonly two cylin- 
ders and pistons worked by the same boiler, and two 
cranks upon the axle of the paddle-wheels, at right 
H 6 
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angles to each other; so that at the time when the 
engine loses its power over one crank it plays with its 
full effect on the other, and thus the fly-wheel is 
dispensed with. In some cases a single cylinder and 
piston have been used without a fly-wheel, by making 
the paddle-wheels themselves so heavy as to answer 
the purpose of a fly-wheel. 

Paddle-wheels have been usually made like the com- 
mon under-shot water-wheel, the paddle-boards being 
all directed towards the centre, as in fig. 53. This 
construction seems to be the best, when the paddle- 
beards remain fixed. Tlie eflSciency of such a wheel 
dqi^ids cm the number of the paddle-boards, the 
velocity with which the wheel is turned, and the 
depth to which it is immersed in the water. Expe- 
riments have not yet be^i instituted; as &r as we 
have been informed, which determine these circum- 
stances satisfactorily. It is easy, however, to see 
that the wheel should not be immersed lower in the 
water than is sufficient to cover the lowest float^board 
A ; for if more be immersed, a part of the power wilj 
be expended in lifting and depressing the water. 

It is an established principle, that the action of a/ 
plane surface moving in a fluid is always perpendi J 
cular to the surface, in whatever direction it may be 
moved. Now, suppose the wheel immersed to the 
level l'l, the force of the float-board b on the water 
is exerted in the direction a 6, perpendicular to it. 
This force, by a well known mechanical principle *, 

* The principle here alluded to is very easily und^rstood^ 
and may be iilustrated as follows : Let a string be attached to 



Digitized by VjOOQIC 



157 

is equivalent to the combined action of two forces In 
the directions of the sides of a parallelogram ; one a c 



a fixed pin p, fig. 54, and passing it over a wheel fixed at m, 
let a weight a be suspended from it. Let another string p n 
be stretched from p in an horizontal direction, and a third p o 
m a vertical direction, and suppose a line p l drawn in the 
direction of the first string p m, and from any point in it, as l; 
draw the lines l d and l e parallel to p n and p o, so that the 
figure p B L E will be a parallelogram whose diagonal is p l. 
Passing the string p o over a wheel at o, suspend a weight b 
firom it, which shall have the same proportion to the weight a 
as the line p d has to the line p l, and in like manner passing 
the string p n over the wheel m, suspend a weight c from it, 
which will have the same proportion to the weight a as the 
line P E has to p l. I say then, that the combined effects of 
the weights b and c, acting on p in the directions p o and p n 
will be exactly the same as the single efiect of a weight equal 
to A acting in the direction p l. To prove this, it is only ne- 
cessary to shew that the weight a exactly counteracts the 
efiects of the weights b and c ; for since it is evident it would 
also exactly counteract the effect of an equal weight in the 
direction p l, it follows that the effect of a weight a acting in 
the direction p l would be exactly the same as the combined 
efl^ts of the weights b and c. 

To prove that this is the case, let the ends of the three 
strings.be knotted together at p, and let the pin which secures 
thdr ends be removed, so as to leave the knot which 
unites the strings perfectly free. It will be found that the 
knot will remain at rest in the position ^n which it was 
originally placed, and that if it be drawn from this posi* 
tion it will return to it, and will rest in no other position what- 
ever. 

Hence we may assume, that whenever there is found a force 
acting in any direction, that force may be considered equiva- 
lent to two other forces, one horizontal and the other vertical* 
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vertical, and the other a d horizontal. The horl2on« 
tal element a d is effective in propelling, but the ver- 
tical part a c has a lifting eflFect on the water, and is 
therefore lost. In like manner, the force of the 
paddle-board c is resolved into two, one e g vertical, 
and the other e h horizontal, the latter of which only 
propels. The forces of the corresponding paddles 
b' c% on the other side of the lowest paddle, being 
similarly circumstanced, only having a descending 
motion instead of an ascending one, the elements d c\ 
e^i of the forces which act vertically, will be directed 
downwards, and will depress the water. ITiese ver- 
tical elements of the forces on both sides of the lowest 
paddle-board have no effect whatever in impelling the 
vessel, and are therefore so much force expended 
without any useful effect. 

If the wheel be supposed to be immersed below 
its axle to the level / /, owing to its occasionally 
dipping in the water from the roughness of the sea, 
the action of the horizontal paddles d' d is totally 
lost, their whole force being expended in lifting or 
depressing ; and the actions of the paddles e' e 
above these being resolved, like the others, into 
vertical and horizontal elements, the horizontal ele- 
ments will have a retarding effect, as is indicated 
by the direction of the arrows. 

It is evident, from inspecting the position of the 
arrows, which indicate the directions of the hori- 
zontal elements of the forces, and also from the 
length of the sides of the parallelograms, which 
indicate the magnitudes of these elements, that 
the more deeply such a wheel as this is immersed, 
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the more force will be lost in proportion to the 
force expended. Such a wheel should not, there- 
fore, be immersed to a greater depth than that of 
the lowest paddle. 

Various contrivances have been suggested to 
avoid the expenditure of force in lifting and de- 
pressing the water, and also to remove the back 
action already mentioned; in other words, it has 
been attempted to make the paddle-boards ^^aM^ 
themselves in rising from the water. 

In one instance a mechanism was contrived, 
which, by making each paddle revolve on its axis 
in the same time as the wheel itself, and in an 
opposite direction, the paddles were always kept 
in the vertical position, as in fig. 55. In such a 
wheel, the back action of the paddles above the 
axle is increased by exactly as much as the pro- 
pelling power of those which are below it. Be- 
sides this, other practical objections were found to 
apply to it. In a rough sea, such a wheel pre- 
sented a surface to the surge which formed a solid 
breakwater, and produced a liability to fracture 
and derangement. A wheel of this kind would seem, 
however, to be well suited to river work. 

(84.) Mr. Oldham, engineer to the Bank of Ire- 
land, has lately constructed a paddle-wheel, in 
which there is no back action, and for which a 
patent has been obtained. In this wheel the 
paddle-boards are made, by a most ingenious and 
simple mechanism, to revolve on axes independent 
of that of the wheel, and each paddle-board re- 
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volves once on its axis, while the wheel revolves 
twice; the paddle-boards revolving in a direction 
different from that of the wheel. The consequence 
of the combination of these two motions is, that 
the edge of every paddle-board is always presented 
to the highest point of the wheel, as represented 
in fig. 56. The entire action of each board per- 
pendicular to its surface being resolved into two 
actions, as in the former case, one horizontal and 
the other vertical, the proportions, quantities, and 
directions of these actions will be seen at once, by 
observing the sides of the several parallelograms in 
the figure, and the directions of the arrows. One 
peculiarity which this presents, and in which it 
differs most strikingly from other wheels, is, that 
all the horizontal arrows point in the same direc- 
tion, indicating that all the horizontal elements of 
the forces of the boards act in the same direction, 
and that they can, therefore, be made to propel, 
without any back action whatever. It will also be 
observed that the vertical elements, which, on the 
one side of the vertical diameter lift^ and on the 
other side depress^ are much smaller in proportion 
to the whole force than in the conmiion wheels, 
and therefore the force expended without useful 
effect is much less in proportion to the whole force 
in these than in common wheels. 

A wheel of this kind, having no back action, 
might be totally immersed, and would still con- 
tinue to propel. In consequence of the diminution 
of the lifting and depressing effect, or what is the 
same, of the degree of the feathering principle 
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with which it is endued, its motion through the 
water is smoodi, and attended with but little agi<^ 
totion, and is therefore the more effectual as an 
impellent powen I have instituted experiments 
with this wheel, compared with the common whed, 
and find the results to coincide most satisfactorily 
with those which I have deduced firom math^natical 
calculation. 

Wheels of this description do not seem to be 
liable to the aame objections as the common wheels, 
in their applicadcm to canal work ; for the extremes 
smoodmess with which they move through the 
water is such, that no agitation could be produced 
by them which would be calculated to injure the 
banks; an effect which has hitherto impeded the 
application of steam-boats to any great extent in 
inland navigation. The wheels might even be totally 
immersed, in which case they might be under the 
vessel, and in the middle of the caiial. 

Owing to the facilities offered by the great lakes 
and rivers, steam-navigation was introduced into 
America at an earli^ period than into England. The 
first steam4x)at which we learn to have been perma^ 
nently established, plied between New York and 
Albany, on the river Hudson. The curious effects of 
her first appearance are thus decribed, iaa quotsUion 
made by Mr. Partington from an American work : — 

" She had the most terrific appearance, from other 
vessels which were navigating the river, when she 
was making her passage. The first steam-boats, as 
olliers yet do, used dry pine wood for fuel, which 
s^nds forth a column of ignited vapor, many feet 
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above the flue, and whenever the fire is stirred, a 
galaxy of sparks flies off, and in the night have a 
very brilliant and beautiful appearance. This un- 
common light first attracted the attention of the 
crews of other vessels. Notwithstanding the wind 
and tide were adverse to its approach, they saw with 
astonishment that it was rapidly coming towards 
them ; and when it came so near as that the noise of 
the machinery and paddles was heard, the crews, in 
some instances, shrunk beneath the decks fi*om the 
terrific sight, and left their vessels to go on shore ; 
while others prostrated themselves, and besought 
Providence to protect them firom the approaches of 
the horrible monster which was marching on the tide, 
and lighting its path by the fires which it vomited." 

In 1812, steam-vessels were first introduced upoa 
the Qyde, and since that period steam-navigation 
has rapidly extended, so that at present there is 
scarcely a part of the civilized globe to which it has 
not found its way. The Atlantic and Pacific Oceans 
have been traversed by its powers ; and if the prolific 
results of human invention should suggest means of 
diminishing the consumption of fiiel, or obtaining a 
supply of heat firom materials sufficiently small and 
light, it would be hard to assign limits to the powers 
of this most wonderfiil agent. 

(85.) The conventional method of expressing the 
power of an engine with reference to that of horses, 
was first adopted by Savery, and arose, naturally 
enough, from the circumstance of the work proposed 
to be executed by steam-engines, having been previ- 



Digitized by VjOOQIC 



163 

ously done by horse-mills. It was therefore custom-' 
ary to say that this or that steam-engine would be 
equivalent to a mill worked by ten or twenty, or any 
given nimiber of horses. The standard was one with 
which those for whose use steam-engines were in- 
tended were perfectly acquainted, and no method of 
expressing the power of the machine could have come 
so home to their familiar notions, nor have been so 
perfectly appropriate a,nd fair. 

A horse's power is, however, to a certain degree, an 
indefinite standard, since horses vary in strength, one 
being able to do double the work of another. While, 
therefore, it would have been very inexpedient to 
have totally abandoned this universally received and 
sufficiently well understood standard, it became 
necessary, as the manufacture of steam-engines 
increased, to give the standard a more fixed and 
definite meaning. For this purpose, a horse's power 
is estimated at so many poimds of water, raised 
through the height of one foot per minute, the ani- 
mal being supposed to work for eight hours daily. . 
As to the number of pounds to be thus assigned to a 
horse's power, engineers haVe differed. Smeaton 
estimates the average power of a horse at 22,916 lbs. 
raised one foot per minute for eight hours a day. 
Desaguliers makes it 27,500. Messrs. Bolton and 
Watt caused experiments to be made with the strong 
horses used in the breweries in London, and from the 
result of these they assigned 32,000 lbs. as the pro- 
per value of a horse's power. This, however, is con- 
sidered rather above the fair average, but in the 
estimation of the power of engines, this error oper- 
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ates against the manufacturer and in favour of the 
purchaser, as it rather under-rates the power of the 
engine. . 

In estimating the power of an engine, compared 
with horses, it is supposed only to work for the same 
time, u e. eight hours daily ; whereas the engine has 
the advantage of being capable of working for twenty- 
four hours per day. If this were taken into account, 
the power of an engine would be three times what it 
is now denominated. 



THE END. 
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